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Abstract
The productivity and suitability of steep private land (20°-35°) for farm forestry in North- 
Eastern Tasmania was evaluated using spatial analytical techniques, incorporating local 
knowledge and management experience.
Productivity Intervals were attributed to a simple matrix of geology, elevation and annual 
rainfall. Field data was collected for sites identified as high, moderate and low productivity 
and used to compare the Productivity Intervals with estimates from PROMOD (Battaglia and 
Sands 1998) a physiological process-model, and a field-based soils classification designed by 
Laffan (1993). The regression of estimated productivity with PROMOD and Laffan’s 
classification showed the Productivity Intervals as performing satisfactorily on high quality 
sites, and conservatively on low quality sites.
The use of geology-based growth curves for examining the potential to improve site 
productivity was discussed. Research priorities and the potential benefits for operational 
decision-making were identified.
Suitability evaluation was undertaken by selecting polygons (slope areas) on the basis of size. 
The relationship between suitability and productivity was examined with respect to the area 
available for farm forestry development, and potential yield. The methodology used for this 
analysis was evaluated with reference to the availability of technology, data and the project 
objectives.
The analysis showed that 4,500 ha of steep land in the Tamar Wood Supply Catchment is 
productive and suitable for farm forestry, given current operational constraints. It was 
concluded that a larger area of steep productive land, 12,630 ha, made up of many small 
parcels too small for development, could be targeted as part of a strategic campaign in which 
steep land is planted together with sufficient flat land (<20°) to satisfy minimum economic 
criteria.
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1.0 Introduction
In the past land was generally considered suitable for plantation development if it were first 
deemed unsuitable for agriculture. This approach to land use often transpired in poor growth 
rates because land that was made available was either degraded agricultural land or 
characterised by naturally low productivity or cleared native forest. In recent years however, 
strengthening markets for plantation-grown wood products has stimulated interest in raising 
plantation productivity by introducing improved genetic material, site preparation and stand 
establishment practices, and targeting better quality land. Land price however is still a major 
consideration for achieving positive returns from tree growing, and innovative methods are 
required if plantations are to compete for land against intensive agricultural activities such as 
dairying and high rainfall cropping activities.
Coinciding with the emergence of a market-driven philosophy for plantation management, 
has been an increase in awareness of the benefits of tree-growing for non-wood uses - as 
shelter for stock and crops, soil and catchment protection, and visual amenity, promoting tree­
growing as a complementary activity to traditional agriculture (Reid and Wilson 1986). In 
this instance, wood production is viewed as only one of a range of benefits to the land- 
owner/farmer.
The term farm forestry is used to describe a continuum of tree-growing activities ranging 
from large-scale industrial plantation management to individual trees planted for stock 
shelter, reflecting what is arguably a merging of the approaches described above. 
Practitioners of commercial farm forestry, such as North Forest Products, are moving towards 
the integration of commercial tree-growing practices with conventional agriculture through 
the introduction of joint-venture schemes with landholders to access relatively smaller parcels 
of higher quality land. This approach shares the financial benefits from wood production 
together with the costs of capital investment items such as land-purchase and road 
construction, and periodic maintenance. The farmer may also capture some of the other 
benefits ascribed to farm trees, although these may be compromised somewhat by the 
increased commercial focus.
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In an examination of opportunities for farm forestry in the Scottsdale region, Dargusch (1998) 
recognised that many farms in the region contained areas of steep land in which the 
inherently high levels of productivity attributed to soil and climate were not being realised by 
traditional agriculture, because of management problems associated with slope. These sites 
were identified as presenting opportunities for tree growing to be established on highly 
productive land, an activity that is inherently better suited than agriculture to steep slopes. 
Dargusch’s analysis stimulated interest in evaluating the productivity and suitability of steep 
land for commercial farm forestry elsewhere in the region, and this thesis was proposed to 
identify and evaluate the privately-owned steep land across the Tamar Wood Supply 
Catchment (WSC).
A wood supply catchment refers to an area of land from which wood is harvested and 
transported to a central processing facility. The geographic extent is usually delineated by 
distance to market, reflecting transport costs, subject to input costs associated with growing 
and harvesting and returns arising from wood yield and quality. The location and extent of 
the Tamar WSC, based on the processing and export facility at Bell Bay, Tasmania, is 
delineated in Map 1. The area of steep land in the Tamar WSC is around 20,000 hectares, 
distributed across a total area of some 1.2 million hectares.
A principle objective of this project was to develop and evaluate a methodology that was 
appropriate for regional level appraisal and decision-making. Requirements of the 
methodology were that it should use spatial analysis and modelling techniques of a 
Geographic Information System (GIS) to identify land and evaluate its productivity and 
suitability for commercial tree growing. The results were to be transparent, reproducible, and 
consistent with prevailing theory, based on local experience and existing (non-spatial) land 
assessment methodologies.
The results of this project are presented and evaluated in terms of the adequacy of the 
assessment methodology and implications for farm forestry development. The results of the 
spatial analysis are reported in summary format within the report, and the primary data is 
presented on a Compact Disk (enclosed with this thesis), which can be interrogated using
9
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ArcView, a windows-based Geographic Information System, and Excel, a spreadsheet 
package.
1.2 Objectives
• To define the conditions under which steep land is considered productive and suitable for 
farm forestry;
• To develop and evaluate a methodology for appraising land productivity and suitability 
using available resources and appropriate technology;
• To identify and evaluate steep land in the Tamar Wood Supply Catchment for farm 
forestry.
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2.0 Background
This Section provides background information to the development of the methodology and 
results described in Sections 4 and 5. Land attributes and conditions under which land is 
considered productive and suitable for farm forestry and the influence of management inputs 
and research into yield improvement are discussed. Operational parameters are considered 
and the opportunity for incorporating new technology is identified.
2.1 Area description
The Tamar Wood Supply Catchment covers an area of 1,963,543 ha, centred on the Tamar 
woodchip mill and export facility at Bell Bay, Tasmania (Map 1). Landforms of the 
catchment are extremely variable, reflecting the underlying complexity of geology and land­
forming processes. The catchment includes parts of the Tamar graben, coastal platforms, the 
north-east highlands and the Ben Lomond hörst as described by Pinkard (1980). Elevation 
varies from sea-level to over 1500m, and the principal topographic features are Legges Tor 
(1572m) and Stacks Bluff (1527m) in the Ben Lomond Area. Consequently the area of steep 
private land with slopes between 20°-35° is quite substantial at 19,678 ha.
Regional land use activities on private property include rural residential, horticulture, 
agriculture or other primary production, including farm forestry. North Forest Products 
(NFP), owns and manages 7,025 ha of plantations across the region. Some of these 
plantations, known as Eucalypt Tree Farms (ETF), coincide with the steep slopes identified 
in this study.
The climate of the region is variable and largely influenced by latitude and topography. 
Pressure systems enter the region from the west bringing moisture from the Southern Ocean 
and Bass Strait. The coastal areas experience a mild maritime climate with a relatively small 
diurnal range of temperature and a small variation in annual rainfall. Summers are mild and 
winters mild to cool. Temperatures are generally higher in the east, however are markedly
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influenced by topography and altitude. Areas of higher altitude are particularly subject to 
snow and associated sub-zero temperatures. Average annual rainfall varies from 500mm in 
the south to 1500mm in the north-east, with local variation influenced by topography.
Geology of the region is complex with 90 different types across several periods ranging from 
the Precambrian to the Quaternary periods. The major deposits are the Mathinna beds, and 
Tertiary and Quaternary sediments. The principal igneous rocks are Devonian granite and 
granodiorite, Jurassic dolerite and Tertiary basalt. Highland areas are principally dolerite 
capped mountains and plateaux, with granitic rocks in some areas of the north-east (Pinkard 
1980). The geology classes relevant for this analysis are reported in Table 1 and Appendix 2.
Due to the complexity of parent material and variation in climate, soils of the region are 
highly variable. Gradational soils are the most extensive and duplex soils particularly 
common in the drier areas. Uniform textured soils are found in coastal areas, with uniformed 
textured clay soils mostly restricted to areas of alluvium and colluvium (Pinkard 1980). Soils 
information for the region is either small scale (eg. Northcote et al 1975) or incomplete. Grant 
et al (1995) have developed a state-wide classification from which 17 common forest soil 
types are identified across the area of the Tamar WSC (Appendix 1). However the 
classification has not been mapped, and because it is forest-based, is not applicable over the 
range and condition of soils under agriculture. The soils identified in this project are given in 
Appendix 6.
2.2 Existing Plantation Resource and Management
The National Plantation Inventory (National Forest Inventory 1997) identifies 15 regional 
plantation areas around the country, of which Tasmania has the single largest hardwood 
resource (62,020 ha in 1994). Around 45% of the planted area is Eucalyptus globulus ssp. 
globulus and E. nitens, the preferred species for larger scale industrial plantation development 
due to superior growth rates (Turnbull et al 1993, Cotterill et al 1985) and acceptable pulping 
qualities.
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Table 1: Area of Eucalypt Tree Farm Managed by North Forest Products in the Tamar 
Wood Supply Catchment by Geology Type
G eology  G roup  
(see A pp en d ix  2)
Period G eology  T ype A rea
(ha)
%
T otal
U nproduc tive Q uaternary Sand gravel and m ud  o f  alluvial 233 3
Q uaternary  Sed im en ts Q uaternary U ndiffe ren tia ted  Q uaternary  sed im ents 148 2
Q uaternary  T alus Q uaternary T alus 567 8
T ertia ry  B asalt T ertiary B asalt. 324 5
T ertia ry  Sed im en ts T ertia ry D om inan tly  non-m arine sequences o f  g ravel 128 2
Jurassic D o lerite Jurassic D olerite  and re la ted  rocks 1139 16
T riassic S andstone T riassic D om inan tly  quartz  sandstone 39 1
T riassic U nd iffe ren tia ted  T riassic sed im en tary  rocks. 2 0
P erm ian
S andstone /M udstone
P erm ian U pper g laciom arine sequences o f  pebb ly  
m udstone
745 11
P erm ian F resh  w ater and  para lic  sandstone and  
m udstone w ith  som e coal m easures.
194 3
P erm ian F reshw ater sandstone w ith  coal m easures. 20 0
Perm o-
C arbon iferous
L ow er g laciom arine sequences o f  m udstone 293 4
Perm o-
C arbon ife rous
U ndiffe ren tia ted  sed im ents 29 0
D evon ian  G ranites D evon ian D om inan tly  adam ellite /g ran ite  and associa ted  
dykes.
82 1
D evon ian D om inan tly  granod io rite  / adam ellite 141 2
D evon ian D om inan tly  granodiorite . 541 8
Silurian  S andstone S ilu ro -D evon ian Shallow  m arine quartz sandstone 112 2
M ath inna B eds O rdov ician -
D evon ian
M icaceous quartzw acke tu rb id ite  sequence 971 14
O rdov ician -
D evon ian
M udstone  sequences 433 6
O rdov ic ian L im esone sequence w ith  siltstone in som e 
areas.
1 0
C am bro-
O rdov ic ian
Late C am brian  to E arly  O rdov ic ian  m arine  to 
non-m arine quartzose cong lom erate-
sandstone-siltsone sequences.
145 2
C am brian  Sed im en ts C am brian C am brian  m arine sed im en tary  sequences. 71 1
C am brian D om inan tly  M iddle  C am brian  sed im en tary  
and vo lcan ic sequences.
200 3
C am brian  V olcan ics C am brian D om inan tly  felsic to in term ed ia te  vo lcan ic  
rocks -  includes M t R ead  V olcan ics (in  part).
105 1
C am brian D om inan tly fels ic  v o lcano -sed im en tary
sequences o f  sandstone
142 2
N eopro tozo ics N eopro te rozo ic D om inan tly  greensch ist facies rocks o f  pelitic  
sequences
117 2
N eopro te rozo ic D om inan tly  greensch is t fac ies rocks o! 
quartz ite  sequences
74 1
N eopro te rozo ic U nm etam orphosed  quartzw acke tu rb id ite  
sequence
29 0
7,025 100
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North Forest Products currently owns and manages around 7,025 ha of E. globulus ssp. 
globulus and E. nitens eucalypt tree farms (ETF) in the Tamar catchment. Plantations are 
managed on a short rotation (10 to 25 years) for pulpwood. Management is focussed on site 
conditions to maximise growth in terms of total merchantable stand yield. Sites are selected 
by geology and soil characteristics, topography and climate, and prepared by cultivation 
(including deep ripping and mounding), fertilising and chemical weed control. After planting, 
follow-up weed control and fertilising are routinely undertaken; the timing and combinations 
of methods will generally vary with site and availability of contract labour.
Growth rates of plantations vary across the catchment. Poor growth rates are considered to be 
of the order of 7 to 15 m3/ha/yr and high rates greater than 25 m3/ha/yr (Paul Dargusch, Area 
Forester North Forest Products pers. comm.). Minimum economic yields for harvesting are 
considered to be of the order of 300 m3/ha, which translates into a 12 year investment period 
for a high quality site, or as much as 42 years for a low quality site. Site selection is therefore 
very important in plantation development, because the costs of site preparation are lower and 
returns are quicker on good sites relative to poor sites. Site attributes important for promoting 
growth and evaluation criteria for selecting sites are discussed below.
Table 1 shows the distribution of existing plantation area by geology, an important attribute 
used in the methodology developed for this thesis. At the time of writing, yield data was not 
available for quantitatively assessing the influence of geology (or any other site attributes) on 
growth. Consequently the next section, reviewing the importance of site attributes on growth, 
is taken from the scientific literature.
2.3 Growth as a function of Site
Growth is a function of many variables, but probably the most important for our discussion 
are those connected with site, incorporating the interaction of soil and climatic attributes. Site 
is quantified by correlating yield data with climate and soil attributes at the micro and/or 
macro level. Macro level studies look to the climate and edaphic variables associated with the 
natural distribution of a species to establish patterns and growth behaviour, whereas micro
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level studies examine growth response under controlled or specified conditions. The former 
allows broad descriptions to be made, the latter provides quantitative evidence of growth 
response under a defined set of variables.
Booth and Jovanovic (1991) identified and quantified a number of climatic attributes known 
to vary across the natural distribution E. nitens and E. globulus using BIOCLIM, a climatic 
modelling package used with a GIS. The data in Table 2 is useful for showing the conditions 
under which the species will grow, but does not indicate how well they grow.
Table 2: Climatic Requirements for Eucalyptus globulus and Eucalyptus nitens
E. globulus E. nitens
Mean Annual Rainfall 600-1000mm 750-1500mm
Rainfall Regime winter/uniform winter/uniform/summer
Dry Season length 
(consecutive months <40mm)
0-5 0-4
Mean Maximum temperature of the hottest 
month
19-30°C 20-28°C
Mean Minimum Temperature of the Coldest 
Month
2-12°C -3 - 5°C
Mean Annual Temperature 9-18°C 7 - 14°C
Source: Booth and Jovanovic (1991)
Table 2 shows that the habitat requirements for the two species coincides with at least part of 
the range of the nominated variables except mean minimum temperature of the coldest 
month. This agrees with local experience in Tamar and the reported effect of altitude on 
survival of E.globulus which showed that at one site, high altitude and corresponding low 
minimum temperature had little effect on the survival rates of E. nitens (98% survival rate) 
compared to E.globulus which suffered mortality rates of 55% (Tibbits 1986). E. nitens is 
therefore a preferred species for sites at altitudes between 300-860m and E. globulus is 
favoured on sites below 300 m because of its higher inherent rate of growth under favourable 
conditions.
Tolerance to low temperatures has also been shown to vary with provenance and season. 
Tibbits and Reid (1987) demonstrated in a trial of winter hardened provenances, E. nitens 
from Northern NSW and Central Victoria was significantly more tolerant of low temperatures 
(down to -10°C) than all other provenances tested. The same provenances however
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demonstrated lesser frost tolerance in summer(-3°C). Based on these results, the climatic 
variables presented in Table 2 could be expanded to include mean minimum summer 
temperature and minimum winter temperature.
Other variables which influence temperature are topography and aspect. Laffan et al (1994) 
noted cold air drainage can favour elevated sites at the expense of lower elevation sites 
receiving cold air. Consequently E.nitens is a preferred species at low elevation sites (<300m) 
receiving cold air, or with a particularly exposed southerly aspect.
In their analysis of the distribution of species, Booth and Jovanovic (1991) also reported 
species-related soil types. E. globulus was reported to grow naturally on a wide range of soil 
types including those derived from granite, granodiorite, and plutonic rocks as well as 
sandstones and mudstones, and they concluded that the best growth is found on moderately 
fertile loams or rather heavy soils, well drained, but with adequate moisture. E. nitens was 
reported to grow best on moist loams, and reasonably well on most well drained soils, 
especially if there is clay in the subsoil. Suitable parent materials include granite, 
granodiorite, basalt, rhyodacite, and various sedimentary rocks.
In an analysis of site and growth of E. globulus across a range of sites in Tasmania and 
Western Australia, Battaglia and Sands (1998) quantified a number of significant attributes 
including soil morphological and chemical properties, day length and daily variation in air 
temperature, precipitation and solar radiation. This work was used in the development of a 
physiological process model ‘PROMOD’, which has been used in this thesis as a validation 
measure and is discussed in some detail in Section 3.
Despite the substantial area under plantation, there is relatively little long term yield data for 
eucalypts reported in the scientific literature. In their validation of PROMOD, Battaglia and 
Sands (1998) used data reported by Osier et al (1996) who gave peak mean annual increments 
(MAI) for 27 sites of relatively young stands (less than 15yrs) of E. globulus in Northern 
Tasmania. Peak MAI across the sites ranged from 11.5 to 30.2 m3/ha/yr. Goodwin and Candy 
(1986) reported the results of a stem analysis from a 42 year old stand of E. globulus in 
Northern Tasmania; this showed the peak MAI of just over 30 m3/ha/yr occurred at 20yrs.
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Increasing Yield through Site Preparation and Silviculture
Improvements in productivity can be achieved by manipulating site conditions, genetic 
improvement or judicious silviculture. Griffin et al (1990) present data showing the natural 
variation in yield attributed to genetic differences of shining gum (E. nitens) provenances. 
Under uniform site and growing conditions, the best provenance was reported to yield as 
much as 1.9 times the volume of pulpwood of the worst provenance.
Flinn and Turner (1990) presented summarised data from various researchers showing the 
response of Pinus radiata to site treatment for a range of site qualities. Their data suggested 
yield increases of up to 3.2 times by fertilising and weed control on low quality sites, 1.19 
times on medium and 1.02 times on high quality sites. The differences in response 
demonstrates the impact of soil and nutrition on yield, and the potential for higher relative 
yield response on lower quality sites, compared to higher quality sites.
Turnbull et al (1991) reported differences in growth responses connected with site preparation 
techniques. In Southern Tasmanian Eucalyptus regnans, productivity increases were 
recorded in the order of 27%, 58% and 41% from three site preparation techniques - weed 
control, fertiliser and a combination. In another experiment on the effect of amount of 
fertiliser and type of soil preparation, Turnbull et al (1997) found that early gains from 
fertiliser on E. nitens tapered off, whereas those attributed to reduced mechanical disturbance 
persisted and increased with time. The highest percentage gain was made from heavy 
fertilising (300 kg/ha of nitrogen) together with the effect of reduced soil compaction and 
mixing using an excavator (compared to a conventional bulldozer), rising from 15% at year 3 
to 52.1% at year 7.
Growth and yield can also be influenced by spacing. Shepherd et al (1990) discussed the 
influence of stocking on yield, showing a range of silvicultural regimes used in Australia and 
New Zealand for Pinus radiata for which the initial stocking and thinning schedule vary 
markedly. For example, a South Australian Site Quality III calls for an initial stocking of
17
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1600 stems per ha with four thinnings to a final clearfell at age 40+yrs, compared to a 
Tasmanian Site Index 28, which calls for an initial stocking of 800 stems per ha, one thinning 
and rotation at 30 yrs. Beadle and Inions (1990) presented data from Australia, New Zealand, 
Africa and Portugal, which demonstrated the range of stockings and growth rates recorded for 
Eucalyptus nitens and E. globulus. By way of example, stockings which varied as much as 
566 stems per ha were recorded for E.nitens, with a commensurate change in growth of 1.6 
m3/ha/yr to age 10.
Home and Robinson (1988) used the notion of site index in Pinus radiata to regulate 
stocking, optimising overall site potential by balancing individual tree growth (the critical 
stocking rate) with stand growth (increment plateau). For the Tumut Management Area, 
optimal stocking rates range from 300-700stems/ha at 13 yrs to 200-400 stems/ha at 35 yrs. 
Departure from these guidelines is said to result in sub-optimal growth. Although this regime 
is aimed at sawlog production, it demonstrates the potential for optimising growth through 
silviculture.
2.4 Operational Review
“Operations” is the term which incorporates activities connected with plantation 
establishment, maintenance, thinning and harvesting. As a factor of production, operations 
are usually considered in terms of their contribution to the objective of minimising costs and 
maximising returns. Conventionally this is achieved by the introduction of new methods and 
technology, or by gaining economies of scale.
Gains in efficiency have been achieved at many points of production through the introduction 
of larger and more efficient machinery - examples include the introduction of crawler tractors 
for site preparation, feller-buncher processors for harvesting, forwarders and B-double 
configured log trucks capable of transporting large loads, 24 hrs a day over all-weather roads. 
The use of machinery has increased the productivity of labour, and improved working 
conditions for forest workers.
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Improved technology also allows material to be exploited that may have been too expensive 
or too dangerous to harvest using conventional systems. For example, improved reading and 
larger payloads have reduced per unit haulage costs and the introduction of large cable 
logging systems has allowed steep country to be logged efficiently and safely.
Once an investment is made in a machinery/labour combination, returns are subject to 
operating costs relative to site productivity. In forestry this means that land is prioritised for 
plantation establishment on the basis of establishment and harvesting costs and yield 
potential. Operational costs increase with slope which implies a trade-off with productivity. 
Generally highly productive flat land is preferred to highly productive steep land. Land which 
is less productive is similarly prioritised with the result that less productive steep land is 
generally avoided unless yields can be economically improved or operational costs 
minimised.
The increase in operational costs on steep land is related to the effect of gravity on machinery 
workloads, and the increased cost of erosion mitigation associated with slope. Soils that are 
low in organic matter or poorly structured tend to be more prone to erosion than soils of 
higher quality and consequently the cost of erosion mitigation on less productive sites is 
higher than on more productive sites. This means that for steep slopes productivity decreases 
as operational costs increase, and the suitability of poorer sites therefore needs to be more 
carefully evaluated than richer sites. Techniques for evaluating financial considerations are 
discussed in Section 3.
Environmental impact is an important consideration in evaluating site suitability. Restrictions 
which conflict with the desire to increase efficiency may be placed on machinery design, size 
or seasonal operation in order to mitigate environmental impact. Equipment design and 
operational techniques that have been developed to be operationally efficient and 
environmentally beneficial include skyline cable systems, tractors with high flotation or 
flexible tracking systems, and the use of excavators for shovel logging and site preparation.
A major consideration for this thesis was the financial cost of operating on small areas. The 
following is a brief description of the types of operations that would or could be carried out
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on small area steep coupes in relation to the requirements of the Tasmanian Forest Practices 
Code.
Tasmanian Forest Practices Code
Operations relating to plantation establishment and management must meet the requirements 
of the Forest Practices Act (1985) which requires harvesting plans to apply the principles of 
the Forest Practices Code (Forestry Commission Tasmania 1993). Site preparation and 
harvesting are the most important issues for farm forestry prescribed by the Code. Other 
issues such as roading are important but are not considered at the scale of this analysis (Table 
3).
Site Preparation; The Forest Practices Code plantation establishment guide (Forest Practices 
Code Table 12) prohibits all conventional mechanically oriented site preparation techniques 
on all slopes above 19° unless authorised by the Chief Forest Practices Officer. This includes 
(tractor based) clearing, windrowing, heaping, ripping, discing and mound-ploughing. 
Consequently the type of site preparation techniques that would be presently allowed, notably 
manual methods, are more expensive than conventional techniques.
Mechanised techniques that are not specifically prohibited by the Code and may be 
appropriate include excavator-based spot clearing or rotary ploughing on ex-forest sites. 
Excavators have been used by NFP periodically for picking up and stacking as they have 
been shown to reduce soil compaction and disturbance compared to tracked bulldozers. The 
additional costs of using excavators to prepare micro-sites have been reported by Turnbull et 
al (1997) as ranging from 130% to 250%, offset by productivity (periodic annual increment) 
increases of 34% to 52%. Rotary ploughing using an excavator has the potential to increase 
yield even further than reported by Turnbull et al because it prepares the soil without 
inverting. The operational costs have been recently assessed in a trial at Tamar, and are 
reported to be high (P. Dargusch pers. comm.); however they have yet to be evaluated against 
growth response.
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Table 3: Sections of the Tasmanian Forest Practices Code Concerned With Plantation
Development and Management
Section Item
B1 Planning and Locating Roads
B4 Upgrading Existing Roads and Tracks
C6 Steep Country Harvesting
C6.1 Access
C6.2 Timber Harvesting
D1 Flora Conservation
D2 Fauna Conservation
D3 Rare or Endangered Species
D4 Landscape
D5 Archaeology
D6 Geomorphology
E l.2 Site Preparation Techniques
F3 Use of Chemicals
F3.1 Ground and Aerial Application
F3.2 Aerial Spraying and Application
I Appendix 1 Major Town Water Supply Intakes
J Appendix 2 Guide for Op’s on Very High Erodibility Class Soils
Table 8 Stream Classification and Reserve Width
Table 9 Interim Landslide Threshold Slopes
Table 10 Interim Slopes for Cable Logging
Table 11 Reforestation Technique Guide
Table 12 Plantation Establishment Guide
Small coupe size is likely to be a problem for using excavators because of the increased
number of floats required. The use of mini-excavators (25-33KW compared to a 95KW 
conventional size) fitted with a rake for site preparation in small steep coupes was evaluated 
by FERIC (1995) in Canada and it was reported that a small decrease in operational 
capability in broken terrain was offset by a saving in running costs of up to 30%. The major 
benefit however was the ability to float the machine behind a conventional 4WD or field 
service unit. The report did not discuss the issue of stump removal which could severely 
inhibit the capability of mini-excavators to prepare ex-native forest sites.
Ex-pasture sites generally carry better soils and could be hand-planted with either no site 
preparation, or hand-cultivation. Given the lack of mechanical cultivation, it is likely that 
higher intensity chemical weed control would be required.
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Harvesting; The type of harvesting equipment allowed and under what conditions it can 
operate is prescribed in the Code. Conventional harvesting equipment is allowed on slopes up 
to 26°, only on low-moderate soil erodability classes and under dry conditions. Ground-based 
equipment is prohibited beyond moderate-high soil erodability classes under dry conditions, 
and cannot operate on any slopes above 20° in wet weather. Cable systems are allowed to 
operate on slopes up to 35° on moderate erosion classes only.
Cable systems represent the most promising technique for steep country harvesting, however 
the large systems currently in use in Tasmania require economies of scale that would render 
many small areas uneconomic. Smaller cable systems with high portability such as the 
Thunderbird T40 Series Yarders from the U.S.A., which are skidder or trailer mounted and 
can be made highway legal for moving site (Ross Corporation 1995), or other systems such 
as the Koller K-300 from Austria, Skylead from Canada and Howe-Line from South Africa 
using a skyline system could be suitable for operating on small steep slopes if site 
productivity (volume and stem size) was sufficient (E. Aurlech Canadian Forest Consultant 
pers. comm.).
New approaches to operating cable systems in small coupes in Canada have been reported by 
FERIC (1989, 1996). The TL-3000 and Teletransporteur both use a self-propelled carriage 
system on a single cable fixed by an excavator at one point and a skidder or tractor at another. 
The systems are very inexpensive and portable, however the requirement for an excavator 
would reduce the portability and increase costs of movement between sites.
Kockx et al (1995) investigated the costs of harvesting small steep coupes (3 ha, 17°-26°) at 
two sites in British Columbia using various ground-based tractors and purpose built skidders, 
and a small cable system. It was found that the logging costs of the small cable system, a 
Rosedale Ecologger 2 skidder-mounted standing skyline with gravity carriage return was 
competitive with the best rates achieved by the ground-based equipment. Most importantly 
for short rotation pulpwood plantations, the cable was substantially cheaper than ground- 
based equipment on sites with smaller piece size. Being skidder mounted, the Ecologger was 
found to have low capital costs and high portability.
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3.0 Approaches to Evaluating Productivity and Suitability
Land evaluation for farm forestry requires consideration of productivity and suitability. 
Productivity is a measure of the relative productive capacity of a site for a given forest 
species. Suitability is defined as the fitness of a given type of land for farm forestry 
operations (Laffan 1993) and incorporates productivity. The approach taken to land 
evaluation is determined by the availability and nature of data, technology and skill levels of 
the analyst, commensurate with project objectives. Adding to the complexity of the task is the 
degree of natural variation in the biological world, which means that site attributes deemed to 
be important in one case study may be not apply at a different scale or in a different region.
The diversity of inputs and objectives means there is no single best universally-applicable 
technique for evaluating land suitability for farm forestry development. The literature shows a 
diversity of approaches that have been, or could be used for the task, from field based site 
assessment to national level spatial analysis using Geographical Information Systems (GIS) 
and climatic modelling. In developing a methodology for the Tamar WSC, relevant examples 
were considered and evaluated using a framework describing the techniques and tools 
employed. The framework is useful for conceptualising and evaluating the methodology 
developed for this project, in relation to the project objectives, available technology and data.
3.1 Productivity
Productivity modelling is concerned with relating forest yield or growth over time with one 
or more appropriate independent variables. In an established forest, yield can be directly 
measured and recorded via an inventory program. Growth can be obtained mathematically 
from the slope of the yield curve, or measured periodically as change in yield over time. 
Growth can be discussed in terms of any of a number of units, such as cubic metres of 
sawlogs, pulpwood, roundwood or tonnes of total biomass. The units reported relate to the 
objective of the assessment and the way in which the yield data is collected.
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Techniques for forest modelling have been described by Rayner and Turner (1990a, 1990b) 
and Vanclay (1994). One of the most widely practiced involves regression analysis to 
statistically relate yield or growth to one or more independent and appropriate variables such 
as species, age, annual rainfall, soil type, etc.
The influence of site is observed where differences in growth rate are attributed to observed 
differences in the predictor variables, nominally soil physical and chemical attributes, 
moisture availability and topography (Turvey 1983). The importance and interactions of site 
variables in predicting growth however will vary with region and scale. The notion of site is 
therefore fundamental to evaluating land productivity for farm forestry because growth can be 
predicted from measurements of site attributes. Site can also be used as a basis for 
investigating growth response to management inputs, and is discussed in some detail in 
below.
Modelling Site and Growth Response
Productivity evaluation for afforestation is an extension of forest yield modelling described 
by Rayner and Turner (1990a, 1990b) and Vanclay (1994), because productivity models are 
generally extrapolated from forest yield and site data equating the species and management 
objectives under consideration.
Forest modellers however have the advantage of being able to directly quantify site in terms 
of yield without the need to articulate the underlying biophysical relationships (eg. Home and 
Robinson 1988, Incoll 1983, West and Mattay 1993), and the terms site index (predominant 
tree height at a specified age) and site quality (tree volume at a specified age) are often used 
(Turvey 1983).
Where data is available, forest yield modellers also have the advantage of being able to 
predict by interpolation, and will have available quantitative measures of confidence, such as 
those used in regression analysis to describe model error (unexplained variability) or 
prediction confidence interval. Predictions for plantation productivity on non-forested land,
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are often extrapolated beyond the range for the formulating data set and therefore cannot be 
quantified by model statistics.
Site can be expressed as a productivity function and used to explore the potential for growth 
response to management inputs - site preparation, fertilising and weed control. Differences in 
site-based growth rates can be demonstrated by the shape and locations of growth curves. 
Figure la shows a hypothetical family of growth curves which vary independently in relation 
to time and productivity. Figure lb shows growth response to management as taking one of 
two forms: a Type 1 or Type 2 response (Turvey 1983). Type 1 response assumes that the 
total maximum yield of a site is constrained and management inputs serve to temporarily 
commute the location of the growth curve. The increased productivity may be short-lived as 
was reported by Turnbull et al (1997) in response to early fertiliser, or more long-lasting such 
as from the use of excavators for site preparation. Type 2 response does not assume a yield 
limitation, and allows site productivity curves to be permanently elevated or transposed.
The elevated growth may be analogous to permanently altering site quality as depicted in 
Figure la, eg. Site Quality 1 could be elevated to Site Quality 2. A Type 2 response to soil 
improvement however would not see unlimited growth because productivity would inevitably 
be limited by some other site attribute, probably moisture. For example, Turvey (1983) notes 
that for Pinus radiata, annual rainfall would have to exceed 2500 mm/yr before moisture 
availability became non-limiting in sandy soils.
Although these diagrams are a simplification of what would be in reality a continuum of 
responses, both in terms of location and shape of growth curves associated with site and 
growth response, the underlying concepts have proven useful for interpreting the results of 
this project and are used as the basis for further discussion in Section 6.
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Mean
Annual
Increment
(m3/ha/yr)
Age (yrs)
Site Quality 3
Site Quality 2
Site Quality 1
Figure la: Hypothetical Family of Growth Curves Showing Different Rates of Growth
Attributed to Site Quality
Mean
Annual
Increment
(m3/ha/yr)
Base Curve
Type 1/Response
Age (yrs)
Figure lb: Hypothetical Growth Curves Showing Response Types 1 and 2
(After Turvey 1983)
Approaches
Fundamental differences of approaches used to evaluate productivity arise from the data, 
technology and modelling techniques commensurate with the project objectives. 
Nevertheless, all are concerned with assessing site and directly or indirectly relating site to 
yield and/or growth. Direct methods are said to be employed where yield data is available
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from existing forests and is used to predict growth on similar sites. These methods are said to 
be quantitative, and are most closely related to forest growth and yield modelling.
Indirect methods are used where yield data is unavailable. Site attributes deemed to be 
influential on growth are selected, assessed, and qualitatively rated. Growth predictions 
developed in this way are not as accurate as those from the direct approach, however are 
probably more widely used due to the resources required to gather sufficient data to construct 
statistically based models. Included in this category are growth estimates which are derived 
using local knowledge and professional judgement.
A third approach, known as process modelling, is one way in which quantitative productivity 
estimates may be obtained in areas where yield data is unavailable. Process modelling 
attempts to describe the underlying physiological processes in relation to site attributes as a 
basis for predicting yield outside the range of the formulating data set. This approach is 
however more complex and data intensive than the empirical methods described above, and 
in relation to forest modelling, has its sceptics (Goulding 1994). Nevertheless predictions 
made from process modelling have been found to be favourable for predicting productivity 
compared with available qualitative productivity models (Battaglia and Sands 1998).
In recent times some discussion has arisen as to the role and development of so-called hybrid 
models, which attempt to short-cut the work involved in developing process models by 
integrating empirical relationships wherever possible. This term may be semantic to some 
extent as it implies that process models do not contain any empirical relationships, which of 
course is not true.
Examples
Laffan’s (1993) land resource classification uses the concept of ‘limiting conditions’ to 
attribute growth to a set of eight topographic, climatic and soil variables. Developed 
qualitatively in the absence of statistically related yield data, the system attaches four nominal 
yield classes to the various combinations of attributes. The system was subsequently trialed 
by Osier et al (1996) and found to be comparable to regression-based systems, including the
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Technical Soil Classification discussed below (Turvey 1987). Using Tasmanian yield data, 
Osier et al (1996) found the soil classification system was generally good at predicting 
growth on highly productive sites, but was conservative on other sites. It was reported to 
demonstrate increasing variability across the range of data which perhaps could have been 
diagnosed and corrected using mathematical transformations if the system were regression 
based. The advantages of Laffan’s system however is that personnel can be quickly trained to 
use the system in the field.
A similar system which incorporates Laffan’s classification was developed by Grant et al 
(1995) using geology and existing forest type to predict productivity. This is also a qualitative 
assessment and has not been quantitatively assessed and reported in the literature.
Numerous other soils-based field classification systems have been developed for Pinus 
radiata and reported outside Tasmania (Ryan 1986; Turner and Holmes 1985; Turvey and 
Poutsma 1980; Turvey 1980; Turvey 1983; Turvey et al 1986; Turvey 1987; Turvey et al 
1990; Knott and Ryan 1990; Lewis et al 1976). Developed using a priori knowledge of soil 
parameters and validated statistically, the ability of these soils-based models to explain 
growth tends to vary with location and scale. However they provide insight as to how such 
models can be constructed. The Technical Soils Classification (Turvey 1987) was extensively 
analysed using data from 181 sites in New South Wales, South Australia, Victoria and 
Tasmania, and accounted for 75% of the variance in yield data (Turvey et al 1990). The 
analysis showed soil depth to be the most important parameter for determining growth was, 
and surprisingly, rainfall was not significant (Turvey 1990). This may be explained in one of 
several ways - rainfall was not limiting in any of the regions analysed, the rainfall data may 
not have been accurate, it may have been too coarse, or the sample regions may all be 
reasonably homogenous with respect to climate.
The development of GIS has allowed the modelling and integration of more sophisticated 
climatic data into predictive models. Booth and Jovanovic (1991) used BIOCLIM, a 
bioclimatic analysis program (Booth 1995) to identify regions in Australia which were 
climatically suitable for 11 out of 14 commercial species. Their methodology used 13 
decision rules, and various input data such as soils and elevation. This was the first and
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possibly best attempt to date at national level analysis, and served to indicate regions for 
further investigation. It could not and did not attempt to provide yield estimates apart from a 
notional capability rating of low to high. Lindenmayer et al (1996) recently produced a set of 
bioclimatic domains for E.nitens among other species, which differ slightly from Booth and 
Jovanovic’s.
Using a similar approach, Bush et al (1998) used available spatial data, including lithology 
and rainfall to derive nominal yield classes in the Central Highlands of Victoria. Multiple 
regression techniques in SPlus (a sophisticated statistical package) were used to model site 
index (stand mean dominant height @ 20 yrs) and was reported in Bureau of Resource 
Sciences et al (1998). The regression showed winter rainfall and a ratio of annual rainfall to 
evaporation to be the only significant variables in explaining variability of yield data from 
Bombala NSW, despite attempts to incorporate geology and lithology parameters. The 
limiting conditions of soil were incorporated manually by modifying the site regression- 
estimated site index, and the model applied spatially using GIS to evaluate productivity 
across the wider Bombala/Eden Region.
In an unpublished report, Smith (1997) modelled suitability for E. globulus on lands no 
steeper than 17° in the Tamar WSC of Northern Tasmania. Using a constraint mapping 
approach in GIS (analogous to the limiting conditions approach used by Laffan), sites were 
delineated with one of three productivity classes. This was not a quantitative analysis as yield 
data was not available, however Smith was able to incorporate a high level of local 
knowledge and professional judgement from field personnel which consequently produced a 
well regarded outcome (S. Manson, Manager Tamar Tree Farms - pers.comm).
Process modelling, although far more complex and data-intensive than any of the models 
described above, has the potential to progress spatial modelling techniques such as that of 
Booth and Jovanovic at the national scale, Bureau of Resource Sciences at the regional scale, 
and may even contribute to local level evaluation. Battaglia and Sands (1998) have 
developed PROMOD, a sophisticated process based model which uses eighty-four variables, 
including Laffan’s soil assessment criteria, to model tree physiology and related site 
conditions, providing stand level growth estimates. Using the same test data as Osier
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(reported above), Battaglia and Sands claimed a much higher degree of confidence in the 
model’s predictive capabilities than available from Laffan’s system alone. In its present form, 
PROMOD is not suited to field application due to the large amount of input data and 
computer support required for analysis. Its design however provides a platform for a number 
of sub-models, each of which could be refined as new data and growth theory becomes 
available. This feature may allow regionalised versions to be developed so that it can be 
made simpler to use, and applied outside its current range of Tasmania and south-western 
Western Australia. PROMOD has been used as a validation tool for the methodology 
developed for this thesis as discussed in Section 4.
The forest yield models developed by Opie (1972) and Home and Robinson (1988) 
demonstrate the higher level of sophistication that can be achieved in addressing issues of 
forest growth, where data is available, and simplifying assumptions that can be made about 
site. STANDSIM was originally developed for even-aged native forest regrowth species, 
Eucalyptus regnans and E. delegatensis by Opie (1972), and was subsequently modified to 
accommodate amongst other things the effects of fire on growth and mortality in E.sieben 
forest, and the net present value for sawlogs and pulpwood (Incoll 1983). This modification 
has made it attractive for plantation analysis (Loane 1994).
Unlike the models reported above, STANDSIM is a single tree growth model, which 
allocates stand level basal area increment amongst individual trees according to their relative 
size, dominance and degree of suppression (Turner and Rayner 1990a) to predict yields from 
up to five thinning regimes. Like the Home and Robinson (1988) Pinus radiata Model, 
STANDSIM is designed to relate growth response to silvicultural input, assuming gross 
increment is largely determined by site, and that yield can be optimised through judicious 
timing of thinning.
Both the Home-Robinson and STANDSIM models measure site as a parameter of the young 
growing stand (height at age 20) to predict future yield. This parameter can be measured or 
interpolated where the site is currently under native forest or plantation, however for cleared 
agricultural land where the previous forest type is unknown, would itself require the 
development of a site index model such as reported in Bureau of Resource Sciences et al
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(1998). These models however present a good example of how models can be used to address 
sophisticated issues relating to growth, yield and management, at an early stage in 
management planning when data is otherwise unavailable.
3.2 Suitability
The literature suggests land suitability is concerned with evaluating the fitness of a given type 
of land for a specified land use (Food and Agriculture Organisation 1976), and in practical 
terms is closely connected with the practice of soil capability mapping (Charman and Murphy 
1993; Emery n.d.). There are two broad approaches to land suitability/soil capability 
evaluation relevant to this case study. A general purpose evaluation would consider farm 
forestry as one of many potential landuses in terms of its benefits for soil protection and site 
productivity. The evaluation would consider farm forestry not on the basis of optimising 
forest productivity, but as a land use that is capable of being sustained by the site’s soil and 
landform. A special purpose evaluation such as the one required for this project, is usually 
concerned with evaluating land for a particular use. This evaluation will therefore consider 
forest productivity in addition to sustainability-related issues.
In recent times the concept of suitability has taken on a more holistic approach in response to 
tensions which have arisen from development that has occurred without adequately 
considering the impact on economic, social and environmental values (eg. Knaster, 1990; 
Robinson, 1990; Smith, 1990; Spencer and Jellinek, 1995). These developments have 
reflected current thinking (Barbier 1987; Eckersley 1991; World Commission on 
Environment and Development 1990) and government initiatives (Commonwealth of 
Australia 1992a, 1992b; Commonwealth of Australia and State of Tasmania 1997) towards 
implementing ecologically sustainable development (ESD).
The framework provided by ESD is useful for demonstrating the importance of considering 
the impact of farm forestry development on environmental, social and economic values. 
Development that would be adverse to one of more of these, risks community rejection unless 
it is redesigned to minimise impact or optimise benefits. The fundamental issue for suitability 
evaluation is therefore one of quantifying, evaluating and ameliorating potential impact.
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Science can offer factual evidence attesting to the quantity of change in environmental 
variables such as turbidity levels in local streams, soil physical and chemical properties and 
productivity levels, however the evaluation of change needs to be interpreted in the context of 
wider community values. The task is then one of developing an analytical framework and 
identifying techniques for the assessment of social and economic values to assist in the 
interpretation of environmental impact (Dargavel, 1990; Gilmore, 1990; Leslie and Powell, 
1990a, 1990b, 1991, 1993; Maclaren, 1996; Perkens, 1994; Russell, 1990; Race and Curtis, 
1997; Spencer and Jellinek, 1995). Amelioration is prescribed where the evaluative prognosis 
is negative. Ideally the evaluation methodology will also incorporate some level of risk 
assessment and techniques for handling uncertainty.
This section considers some of the approaches and techniques available for suitability 
evaluation and identifies the relevant environmental, economic and social issues for local 
level planning in the Tamar WSC as a basis for introducing the methodology developed in 
Section 4.
Assessing Suitability in the Tamar Wood Supply Catchment
Social and environmental concerns are generally accommodated at a regional or state level 
through legislative and other formal planning mechanisms for land management and 
operations such as the Tasmanian Forest Practices Act (1985) and the Commonwealth State 
Regional Forest Agreement (Commonwealth of Australia and State of Tasmania 1997). 
Decisions arising from these higher level processes of suitability evaluation are usually made 
in a political forum, incorporating formal socio-economic and environmental impact 
assessment methodologies (Tasmanian Public Land Use Commission and Commonwealth 
Forests Taskforce 1996a).
At the next level, the Tasmanian Forest Practices Code (Forestry Commission 1993) provides 
an operational interpretation of community expectations for environmental protection, with 
consideration given to technical, economic and safety issues. The Code is used as the basis
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for operational planning for farm forestry on private and public land, prescribing for activities 
at a state-wide, regional or local level.
At the local level the commercial farm forester generally evaluates suitability in terms of the 
financial benefit to be gained over the cost of production. The costs of production incorporate 
the social and environmental values embodied in the Forest Practices Code and other 
regulatory mechanisms, as well as the direct cost of production. To be considered suitable, 
the returns from wood produced by the market price must exceed the sum of costs. Sites 
which have low productivity and high costs will therefore be evaluated as unsuitable.
Table 4 provides a summary of the criteria considered by NFP in evaluating the suitability of 
a site for farm forestry development, which provides the basis for developing the suitability 
methodology in this assessment. Some of these criteria are non-financial, that is imply a 
qualitative assessment, relying on local knowledge, experience and using company policy to 
make a value judgement as to how to proceed. These social criteria are therefore beyond the 
scope of this assessment.
Table 4: Suitability Criteria Used by North Forest Products in Planning for Farm
Forestry Operations
Forest Practices Code
• Class of Streams
• slope/geology/erosion/landslide hazard
• proximity of landings to streams and creeks
• reservation status of remnant native forest
• special values - fauna, flora, 
geomorphology, archaeology, landscape
Quality Issues
• barking, rot removal or delimbing issues
• inherent species characteristics
Political Issues
• town and domestic water intakes
• roads and bridges
• visual amenity
• municipal planning zones
• neighbour relations
• school bus routes 
Establishment Issues
• amount of debris to be cleared
• cultivation restrictions with slope
• cultivation techniques and cost
• vertebrate pest control
• use of herbicides
Harvesting Costs and Technical Issues
• Access cost ($/t) - rock, side slope, distance, creek 
crossings
• pulpwood volume per hectare
• total pulpwood volume
• tree size
• snig distance
• ratio of landings to wood volume
• ease of bark removal
• amount of limbs on trees
• stoniness
• amount of undergrowth
• amount of rot in timber
• volume of sawlogs
• presence of tailhole trees or sites
• suitability for cable operations
• % area suitable for conventional logging
• distance to mill
• up or down hill snigging
•  harvesting cost/royalty/cartage = mill door cost
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Techniques for Assessing Suitability
Laffan’s (1993) land resource classification and Grant et al’s (1995) forest soil handbook 
reflect social values in their assessment of soil-based production issues as a basis for 
evaluating farm forestry suitability. The Laffan classification is designed for field diagnosis 
and uses several qualitatively based criteria including trafficability, workability, and flood, 
erosion and landslide hazard. Many of the criteria relate to landform, slope, geology (and 
associated erosion class), and soil morphology. Suitability is rated from Highly Suitable to 
Unsuitable, relating to the extent to which the site is thought to demonstrate management or 
degradation hazards.
Grant et al (1995) use the Laffan classification as the basis for describing and evaluating 34 
forest soil types for plantation development, as well as native forest logging and regeneration. 
The classification is also designed for field identification and uses three input variables, a 
broad classification of native forest type, geology and rainfall.
A common method for evaluating suitability is Cost-Benefit Analysis (CBA) which uses 
discounted cash flows over time to appraise the value of a project in terms of its Net Present 
Value (NPV) or Internal Rate of Return (Perkens 1994). CBA has been incorporated in a 
range of forest simulation models including FARMTREE in Victoria, FARMPLAN model in 
South Australia and BLUEBELT in Western Australia (Loane 1994).
Whilst the use of CBA is generally well accepted, the handling of inputs to CBA can be the 
topic of some controversy. Financial CBA is used by investors and other decision makers in 
farm forestry and is concerned with assessing the costs and benefits as they are presented to 
the forest investor. Economic CBA is used by researchers and governments concerned with 
assessing the net community benefit of projects and uses shadow pricing to assess the true 
costs and benefits, free of price distortions. Environmental and social issues may also be 
incorporated in economic CBA using contingency valuation techniques (willingness to pay). 
As it is beyond the scope of this project to evaluate the use of economic theory in assessing 
social welfare, the reader is referred to Perkens (1994), particularly chapters 1 and 13 for 
further discussion on the subject.
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As an example of economic CBA, Stephens et al (1993) and Stephens and Hansard (1995) 
reported an economic appraisal of farm forestry in Northern Tasmania ‘based on the principle 
of international competitiveness’. This assumes that optimal community benefit will arise 
from investment of land, capital and labour in farm forestry only if the cost of domestic 
production is cheaper than the import price of the same good or its substitute(s). To evaluate 
the true benefit of value of farm forestry to the grower, residual stumpage prices for 
plantation logs were calculated from a range of processing options and management regimes.
The analyses reported in Stephens et al (1993) were non-spatial, and used average returns to 
forecast yield volume, rotation lengths and prices across the region with sensitivity analysis 
used to assess the impact of variation to these parameters. Stephens and Hansard (1995) 
expanded this approach to consider multiple scenarios using three site qualities and three cost 
structures, and reported IRR by distance to the mill gate.
Cost Benefit Analysis was applied spatially using GIS by Bureau of Resource Sciences et al 
(1998) by attributing nominal yield predictions to the yield classes described in Section 3.1. 
Harvest volumes were then modelled over time using the Forestry-Oriented Linear 
Programming Interpreter (FOLPI). This approach had the advantage of taking into account 
spatial variation in productivity and costings, providing a more robust analysis of regional 
and site specific potential for plantation development than either of the suitability studies 
described above. It also attempted to predict wood-flows arising from five productivity and 
price-based scenarios. A number of assumptions were documented including a reduction- 
factor which served to constrain the woodflow estimates by allowing no more than 10% of 
suitable land to be planted. This constraint also served to incorporate the unquantified effect 
of Code limitations.
This analysis is probably the most integrated regional level assessment published to date 
anywhere in Australia, and it also serves to illustrate the potential for further improvement. 
Had the data been available, the GIS technology employed in this analysis -Arclnfo, was 
capable of addressing many more spatially related suitability issues such as erosion hazard,
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area taken by filter-strips (or net harvestable area), and social values such as landscape and 
heritage.
The constraint of data availability on methodology was also apparent in the economic 
analysis. The productivity assessment reported area by two slope classes (<18°, >=18°) 
coinciding with erosion mitigation requirements, which could then be used as a basis for 
allocating harvesting costs. Differential harvest costs were however not used in the economic 
analysis, probably because the area above 18° was relatively minor, but mainly because the 
financial data was not available.
This example demonstrates how the capability of the technology can exceed the quality of 
data, and perhaps the supporting theory. In the study by Bureau of Resource Sciences et al 
(1998), the technology was capable of incorporating many other operational issues such as 
wet weather restrictions, traffic flows and seasonal marketing issues, by using linear 
programming devices such as FOLPI, SPECTRUM or its predecessor FORPLAN (Duguid 
and Dargavel 1988;Tumer and Church 1995), or the goal programmer SOHARD (Van Saane 
and Nicholls 1994) to introduce a spatial harvest-scheduling function. Of course this added 
functionality is superfluous if it is not required to satisfy the objectives of the study and 
brings us to consider the use of appropriate technology and data to satisfy the project 
objectives. This issue is considered further in Section 3.3.
3.3 Developing an Appropriate Methodology
The preceding discussion demonstrates a range of approaches that have been used for 
evaluating productivity and suitability, reflecting the diversity in the availability of data, 
technology, analytical skills and user requirements. The general trend underlying these has 
been the introduction of more sophisticated analytical techniques, incorporating regression 
analysis and spatial modelling, together with the capacity for a higher level of integration 
with other values to consider social and economic issues (Figure 2). This trend however is not 
without its costs in terms of the analytical skills required, the capital cost of collecting or 
purchasing data and more powerful computers, and annual maintenance overheads. The high
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cost of some techniques means that they are more appropriately used for research, or strategic 
level planning as opposed to field-based operations.
The most appropriate methodology for productivity and suitability evaluation is not the most 
technologically advanced, but the one which makes the most efficient use of available data 
and technology to meet the project objectives, taking into account several underlying issues. 
Experience has shown that the cost of collecting and analysing field data means that once 
data collected, it is often re-used for other analyses beyond its original purpose. Another trend 
is that as the capital cost of computer hardware and software continues to decline, and 
software applications become more user-friendly, the capacity of forest managers to develop 
spatial yield models will increase. This will coincide with an increasing desire on the part of 
forest managers to explore new ways of formally integrating social and economic values into 
decision-making at various levels. Consequently it is worthwhile considering needs and 
available resources at a number of scales before making investment decisions on data capture 
and technology in relation to developing methodologies.
Tables 5a and 5b provide a classification summary of the different approaches and 
methodologies available for productivity and suitability evaluation, which when examined 
with Figure 2 can be used as a basis for developing or evaluating an appropriate 
methodology. Figure 2 shows the general trend over time in data availability, use of 
technology and integration of values, and the range of positions that can be taken in 
developing a methodology in relation to user needs and scale. Presented as a continuum, the 
schematic shows that increasing integration between values generally occurs with more 
sophisticated technology, however this requires more and higher quality data. Increasing 
technology can also come at the cost of local resolution, so one approach may be to consider 
a range of technologies, methodologies, and data sets, to respond to different user needs.
For example a district officer may use field based techniques for productivity and suitability 
evaluation, providing data which would subsequently be made available for regional level 
analysis incorporating spatial data and perhaps using regression techniques to develop 
models. Models developed at this scale could in turn be used to support strategic level
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Table 5a: Framework for Classifying Methodologies for Assessing Land Productivity
Qualitative Approach *------------------------
Use of Site Based on site attributes perceived to be 
Attributes important;
Spatial data attributes may be mapped spatially;
Scale Used across all scales;
Stand Level treats the stand as a uniform entity, or 
separates products by simple ratios;
Single Tree 
Level
NA
Process NA
Management may consider the influence of previous 
land use, site preparation and 
silviculture;
Examples Laffan (1993)
Technical Soils Classification
Booth & Jovanovic (1991)
Bush et al (1998) ~
Lewis et al (1976)
-> Quantitative Approach
Based on growth and yield information 
derived in situ, or from similar forest types; 
May incorporate few to many site attributes 
shown to be statistically significant in relation 
to yield;
Attributes or yield classes may be mapped 
spatially;
Mainly used at a local or regional level;
Treats the stand as a uniform entity, or 
separate products by simple ratios;
Models single tree growth and may 
incorporate the effect of competition; 
Describes physiological processes within the 
tree/stand and perhaps the interrelations with 
site;
May consider the influence of previous land 
use, site preparation and silviculture;
"► Osier etal (1996)
■> PROMOD (Battaglia and Sands 1997)
-► Turvey (1983)
-► Turvey et al (1990)
Bureau of Resource Sciences 
et al (1998)
STANDSIM
After Rayner and Turner (1990)
Table 5b: Framework for Classifying Methodologies for Assessing Land Suitability
Suitability Criteria Evaluation Technique Example
Productivity Qualitative
Quantitative
Table 4a
Environmental Suitability Criteria; Laffan (1993);
Economic Cost Benefit Analysis Stephens et al (1995), 
FARMTREE (Loane et al 1995)
Social Legislative/political/ Regional Forest Agreement
planning process (C’wlth of Australia & State of Tasmania 1997)
All of the above Spatial & Linear Programming 
Tools
Arclnfo GIS (BRS 1998 )
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Project Objectives and User Needs
Non-spatial
empirical
models
Inventory - area & yield data
Increasing level 
of integration
computer Increasing
databases & sophistication of
spreadsheets technology
Increasing 
quality/quantit 
y of data
Arclnfo GIS; 
Linear Program’g 
Tools; Process 
Models; Socio­
economic 
evaluations
Analytical Skills, Available Resources 
and Capital Investment
Figure 2: Schematic Showing the Methodological Continuum for Predictive Modelling
planning undertaken at a state or national level, incorporating remotely sensed data and 
managed in a powerful computing environment. The results of the work undertaken at the 
higher levels would in turn be provided to assist field personnel in their local planning.
Using another example, methodologies could be planned for development over time, 
coinciding with improved resources that generally become available as plantation 
establishment programs mature. Initial evaluation methods would be qualitative, or perhaps 
incorporate process models where available. As plantations become established, yield and 
growth data are collected, and can be incorporated into imported models or used to develop 
local models, and as the data set increases, the yield models are continuously refined to 
become increasingly sophisticated. The modelling program parallels scheduling and 
marketing requirements, which will become more demanding as the resource approaches 
thinnable and harvestable age. Yield data obtained at thinning and final harvest will then
39
Identifying and Evaluating the Suitability of Steep Land For Farm Forestry in North-Eastern Tasmania
become available, further supporting model development. Eventually capital investment in 
the plantation development program will move from an expansion phase to one of increasing 
intensification, and models will be required to evaluate the potential for yield increase in 
response to site improvement and silvicultural inputs.
The use of appropriate technology and data as a basis for an evaluation methodology is a 
fundamentally important theme in the discussion of the methodology and presentation of 
results given below.
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4.0 Materials and Methods
This section describes the development of the methodology in terms of the technology and 
available data. As a corporately sponsored project, the project was designed to be consistent 
with the interests of operational staff from the Tamar WSC, whilst benefiting from having 
access to their local knowledge, professional judgement and management experience.
The methodology was designed in three main parts - productivity evaluation, field survey and 
validation, and suitability evaluation (Figure 3). As the project was to examine land on a 
regional level, the methodology required spatial analytical techniques and the principal tool 
available was ArcView GIS, periodically supported by Arclnfo GIS where required. The 
ArcView application was mounted in a 350PC Acemote Notebook with an Iomega external 
Zip Drive.
Spatial data was provided by NFP from existing sources; however yield data was not 
available for undertaking any sort of quantitative analysis of site-based productivity. The 
methodology for assessing productivity was necessarily qualitative, using three simple 
climate and geology attributes intersected with slope. Slope data was provided by the Bureau 
of Resource Sciences (BRS), from a Digital Elevation Model constructed and prepared in 
Arclnfo by P.Tickle and D.Lamb (Bureau of Resource Sciences).
Productivity estimates expressed as peak MAI for whole stand merchantable volume 
(m3/ha/yr), were derived iteratively using a priori knowledge, based on advice from NFP and 
work reported in the literature. The field survey was designed as a validation exercise using 
growth estimates from established and recognised prediction methodologies - the Framework 
for Classification and Assessment of Land Resources (Laffan 1993), and PROMOD 
(Battaglia and Sands 1998). The Forest Soils of Tasmania Handbook (Grant et al 1995) was 
also used where appropriate. Data from the field work was analysed using the JMP statistics 
package (SAS 1995).
41
Identifying and Evaluating the Suitability o f Steep Land For Farm Forestry in North-Eastern Tasmania
STAGES INPUTS CONSTRAINTS
l.GIS ANALYSIS
BRS data
NFP data
NFP data
NFP/BRS data
NFP data
NFP data
2. FIELD SURVEY 
AND VALIDATION
3. SUITABILITY
Altitude
Tenure
Geology
Rainfall
ProMod
Forest cover/type
Laffans Soil 
Classification
Productivity
Suitability
Tasmanian 
Forest Practices 
Code
Field Survey and 
Validation
METHODOLOGY
Arc View Project
4. OUTPUTS i  I
Masters Thesis NFP Report
Figure 3: Summary Flow Diagram Showing the Steps in the Project with Major Inputs
BRS: Bureau of Resource Sciences NFP: North Forest Products
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As spatial social data was unavailable for input into the suitability analysis, it was assumed 
that the standards prescribed by the Forest Practices Code and land-use restrictions reflected 
community values.
Financial data for the cost of operations and the market price for pulpwood were provided in- 
confidence by NFP, however as costs described regional averages it was unsuitable for 
constructing a spatially variable cost benefit analysis, the purpose of which is to assess 
multiple variables independently. An alternative approach was taken which incorporated the 
financial data indirectly into the spatial analysis using a minimum-size economic unit 
suggested by NFP (P.Dargusch - pers.comm.), together with other operational constraints 
stated in the Forest Practices Code.
Sensitivity analysis was undertaken to evaluate the effect of changes on the assumption of 
minimum-size economic units. Although this approach was less transparent than a formal 
cost-benefit analysis, the ArcView project and data are available for re-interrogation in the 
accompanying Compact Disk, if it is decided that the minimum-size operational areas should 
be reviewed at a later date.
Limitations in the data and technology therefore required the methodology to be simple, 
however it was supported by several key features which provide a degree of confidence in the 
results; the method is based on an accepted underlying theoretical framework, it is transparent 
and reproducible, and incorporated a validation measure. The underlying assumptions are 
documented and consequential limitations on results are discussed in sections 5 and 6.
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4.1 Data Acquisition and Preparation
Spatial data referred in the following discussion was provided by NFP and BRS (Table 6).
Digital Elevation Model
A Digital Elevation Model (DEM) was required as the basis for classifying slope. As 
construction of a DEM is beyond the capabilities of ArcView, access was provided by the 
Bureau of Resource Sciences (BRS) to a 1:25000 DEM constructed in Arclnfo, which 
provided average slope, elevation and aspect on a 25x25m grid (0.065ha).
The DEM was a very large dataset (around 500MB) which exceeded the storage capacity of 
the Zip Drive (disk capacity 100MB). The size of the DEM was reduced in Arclnfo by 
selecting only those grids required for the analysis:
• the DEM was intersected with land tenure and grids on private property were selected;
• grids were selected on the basis of slope, and grouped into five classes corresponding to 
operational thresholds described in the Forest Practices Code, 20°, 22°, 26°, 29°, 31° and 
35°. Adjacent grids with common values were merged;
• a 1:25,000 mapsheet grid was constructed using Australian Map Grid (AMG) easting 
and northings, and used to identify grids located on mapsheets intersecting the Tamar 
WSC;
• the DEM was converted into a shapefile and transferred from the Unix platform to a 
Personal Computer via the BRS File Transfer Protocol (FTP) site. The file was then 
downloaded to Zip disk. The DEM file was by now reduced to around 70 MB, which was 
within the storage capacity of a single Zip Disk.
• the DEM was interrogated in ArcView and a ‘data anomaly’ detected on the eastern 
shore of the Tamar River, parallel to the Tamar Highway. The DEM had concatenated the 
grids into a chain of around 25 kms in length, and in some cases had randomly attributed a 
slope class to the area contained within the rings. The possible causes of the anomaly 
were discussed with the author (P. Tickle - pers. comm.) but were unknown. The DEM 
had not been previously corrected because the area was not considered important to the
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Table 6: Summary of Spatial Data Used to Support the GIS Analysis
Name Source* Scale Comments
Rivers NFP 1:25,000 Coordinates with 1:25,000 map sheets
Cadastre NFP 1:25,000 Cadastral Boundaries from 1:25,000 map sheets
Cadastre Text NFP 1:25,000 Cadastral Text for above
Contours NFP 1:25,000 10m contour intervals from 1:25,000 map sheets
Distance from Tamar NFP 1:25,000 10 km radius distances from Tamar Mill
Elevation Derived 1:25,000 Elevation classes (polygons) derived from contour data
Forest NFP 1:25,000 “vegrac” forest types not well documented on private 
property
Geology NE & NWTas NFP 1:250,000 Two coverages for NE and NW Tas
Map sheet Boundaries NFP 1:25,000 70x1:25000 Mapsheet boundaries
Plantation NFP 1:25,000 NFP ETF boundaries
Productivity Ratings Derived 1:25,000 Productivity ratings for areas >5ha + >2ha within 500m
Rainfall Derived 1:25,000 Annual Rainfall Classes derived from ANUCLIM (80%) 
and point source data (20%)
Roads NFP 1:25,000 Minor roads including some forest roads
Roads ABC NFP 1:25,000 Major roads
Slope BRS 1:25,000 25x25m grids containing slope intervals 20°-30° for 
private property only
Tenure NFP 1:500,000 Private Property, Crown - State Forest & Reserve
Tasmanian Towns NFP 1:500,000 Point features for all Tasmanian townships
NFP: North Forest Products 
BRS: Bureau of Resource Sciences
analysis for which it had been constructed. The anomaly was corrected by manually 
selecting the concatenated grids for removal. A large amount of data was removed from 
the dataset, and the area is therefore one which must be treated with caution. Fortunately, 
the area is one of low productivity on the basis of geology and rainfall.
• the DEM was further broken down to facilitate handling by intersecting with the five 
Private Property Area Zones (PAZs) located within the Tamar WSC. Grids outside the 
Tamar WSC were eliminated which reduced the total size of the DEM file to 36.1MB.
Geology
Geology of the Tamar WSC is described by two 1:250,000 coverages, identified as NE Tas 
and NW Tas. The spatial data was supplied by NFP after it was converted from Maplnfo 
format to Arc View shapefile. The coverages contained geology classes identified by Period 
and Name. The NW Tas coverage was very complex, with 80 unique classifications, 
compared with NE Tas coverage which had 26, and each file contained around 7 MB of data. 
The data was prepared for analysis in the following way:
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• files were reduced in size by intersecting geology polygons with PAZ and the DEM to 
provide shapefiles with only those geology classes present on steep slopes;
• the remaining 48 geology classes were sorted into 12 groups as described in Appendix
2;
• a sample of the geology coverages were field inspected and found to be spatially correct 
to within 200m. The identified spatial error had a significant impact on the identification 
of basalt slopes, particularly in the Scottsdale region, and a uniform correction was made 
to include all grid cells within 200m of basalt.
Rainfall
Rainfall data was obtained from two sources - ANUCLIM modelled data using 1:25,000 
contour data, which covered approximately 80% of the Tamar WSC, and smoothed point data 
for the remaining area.
The ANUCLIM data was prepared in the following way:
• rainfall data had been prepared by John Smith (unpublished 1997) and stored in 
delimited ASCII files;
• files were converted to MAP INFO (ERSIS Australia) format and ‘3D Mapper’ used to 
create rainfall isohyets;
• Maplnfo files were saved and converted to Arc View shapefiles using ‘Universal 
Translator’;
The area not covered by the ANUCLIM data was modelled using ‘3D Mapper’ to create 
rainfall isohyets from Tasmanian rainfall point data. Data for the entire Tamar WSC was then 
prepared by assembling the files by PAZ, rainfall isohyets were selected in five rainfall 
intervals and polygonised by manual digitising.
Elevation
Elevation was derived from 1:25,000 contour information which covered approximately 80% 
of the TWSC. Contours were selected into three classes and polygonised by manual 
digitising.
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4.2 Methodology
The methodology detailed in Figure 3 uses an overlay analysis technique similar to Smith’s 
constraint mapping (Smith 1997) and Laffan’s limiting conditions (Laffan 1993). As stated 
above, limitations in data and technology meant that numerous assumptions were required in 
order to undertake the analysis in Arc View. The following details the components of the 
spatial analysis summarised in Figure 4.
Productivity
Three attributes were chosen to represent site - geology, annual rainfall and elevation.
The importance of soils as an influential attribute of site and growth has previously been 
discussed. Soil classification data however is not available spatially in the Tamar WSC, apart 
from the very small scale soils maps provided by Stace et al (1968) - 1:10,000,000, and 
Northcote et al (1975) -T.5,000,000. Geology at V.50,000 was therefore chosen in lieu of soils 
information. Geology is^0t aj*unreasonable indicator of site as it is the parent material from 
which soils are derived, and was used by Grant et al (1995) as the basis of their Tasmanian 
forest soil classification.
From the literature cited previously (Sections 1.3 and 3.1), two schools of thought arise 
regarding the importance of climate in predicting growth. Using methodologies that 
incorporate detailed soil characteristics in their analysis (Turner et al 1985, Turvey et al 1980, 
Turvey 1980, Turvey 1983, Turvey et al 1986) it has been found possible to develop 
regressions in the absence of climatic data. Other workers (Battaglia and Sands 1998, Bureau 
of Resource Sciences 1998) showed the importance of a range of climatic variables. It is not 
unreasonable to suggest that detailed soil analyses such as those based on the Technical Soils 
Classification (Turvey 1987) probably reflect the influence of climate in the description of 
soil morphology. Approaches that rely on less soil data, or applied over a wider geographical 
range therefore benefit from the inclusion of climatic variables.
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Figure 4: Steep Land Productivity/Suitability Assessment 
METHOD OUTPUTS
PRODUCTIVITY
1. Digital Elevation Model interrogated in 
Arclnfo for slopes between 20-35 degrees. 
Coverage converted to shape file and broken 
into workable coverages corresponding with 
NFP ‘Private Property Area Zones’ (PAZ).
*
>
>
FIELD ASSESSMENT AND VALIDATION
◄------------------------
-----------------►
6-Arcview programmed to recalculate area of 
merged slope grids, as the basis of selecting 
minimum economic units.
3 Suitability classes corresponding 
with erosion/slope thresholds in Tas. 
Forest Practices Code for (1) 
conventional operations, (2) cable 
operations, and (3) other areas less 
than 35 degrees.
7. Suitable areas were based on (1) a primary 
economic unit >= 5ha, (2) secondary areas 
within 500m >=2ha, (3) streamside exclusion of 
40m from all watercourses mapped at 1:25000.
Productivity Intervals were 
compared with PROMOD, Laffan’s 
Soil Classification and Grant’s 
Forest Soils Assessments.
5. Productivity Intervals field checked, using 
Laffan’s Soil Classification, and compared to 
estimated productivity within existing NFP 
ETF.
SUITABILITY
4 Prod. Intervals: (1) Unproductive 
(2) >7,<=15m3/ha/yr, (3) >15, 
<=25 m3/ha7yr, (4) >25m3/ha/yr
3. Elevation Classes obtained by manually 
enclosing selected isohyets.
4. Productivity Intervals attributed to Geology, 
Rainfall and Elevation using NFP local 
knowledge.
1:25000 coverages for 3 Elevations 
Classes: (1) <=350m,
(2)>350,<=750m, (3)>750m.
2. Annual Rainfall obtained by converting 
ANUCLIM coverages to shapefile from 
Mapinfo using Universal Translator. Polygons 
derived manually by enclosing selected 
isohyets.
5 coverages showing Slope Classes 
corresponding with operational 
thresholds in Forest Practices Code: 
20°, 22°, 26°, 29°, 30°, 35°.
1:25000 coverages for 5 Rainfall 
classes: (1) <=750, (2) >750, 
<=1000, (3) >1000,<=1250, (4) 
>1250,<=1500, (5) > 1500mm.
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As the Tamar WSC is diverse in geology and climate, and soils data was unavailable, it was 
decided to include two climatic variables, annual rainfall and elevation (reflecting the risk of 
frost). These are both crude indicators of climate, and imply several assumptions relating to 
the possibility for local variation and the consequence of this on yield.
Four Productivity Intervals - high, medium, low and unproductive, were assigned to the 
various geology/rainfall/elevation combinations using the categories suggested by Smith 
(1997), drawing upon NFP local knowledge, and cross-referencing with Laffan’s (1993) 
framework classification and Grant et al’s (1995) Forest Soil Handbook soil descriptions 
wherever possible. The geology-based Productivity Intervals (Table 7) were assigned on the 
following assumptions:
• geology is an accurate indicator of soils;
• annual rainfall and elevation are important indicators of climate;
• the influence of elevation is uniform and sites above 750m are unproductive;
• the influence of annual rainfall on growth varies across geology, but sites below 
750mm are uniformly unproductive;
• E. globulus is likely to be planted at elevations below 350m and E. nitens between 
350m and 750m;
• there is no difference in productivity between the species within their preferred range;
• productivity is expressed as a function of geology, varying with climate (modelled by 
annual rainfall and constrained by elevation). Four Productivity Intervals are 
recognised, reflecting different rates of growth attributed to a matrix of 45 
geology/rainfall/elevation combinations;
• the Productivity Intervals express Peak Mean Annual Increment (MAI m3/ha/yr) for a 
short-rotation evenaged pulpwood tree-crop, reflecting standard, unquantified 
cultivation and fertilisation practices and not incorporating a thinning regime.
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Table 7: Geology-Based Productivity Intervals (Peak Mean Annual Increment) 
m3/ha/yr* in Response to Rainfall and Elevation
G eology** E levation  (m ) A nnual R ain fa ll (m m )
<750 >750  > 1000  > 1250  > 1500
< = 1000 <= 1250 < = 1500
H igh  P rod u ctiv ity
Quaternary Talus 
Tertiary Basalt
<=350  
> 350,< = 750  
>750
UP >15,<=25 >25 >25 >25
UP >15,<=25 >25 >25 >25
UP UP UP UP UP
M edium  P rod u ctiv ity
Devonian Granites 
Cambrian Volcanics
< =350  
> 350,< = 750  
>750
UP >7,<=15 >15,<=25 >25 >25
UP >7,<=15 >15,<=25 >25 >25
UP UP UP UP UP
L ow  P rod u ctiv ity
Jurassic Dolerite 
Mathinna Beds 
Triassic, Permian,
Quaternary & Cambrian 
Sediments, Sandstone & 
Mudstsone
< = 350  
> 350,< = 750  
>750
UP >7,<=15 >7,<=15 >15,<=25 >15,<=25
UP >7,<=15 >7,<=15 >15,<=25 >15,<=25
UP UP UP UP UP
*UP: Unproductive
** See Appendix 2 for Geology groupings
Suitability
Suitability Criteria were developed based on a minimum-size economic unit suggested by 
NFP (Paul Dargusch - pers. com.) as necessary to support investment in farm forestry in the 
Tamar Wood Supply Catchment. The minimum-size economic unit is comprised of a primary 
economic unit of greater than or equal to 5ha, and any secondary units within 500m greater 
than or equal to 2 ha.
Other suitability criteria were drawn from the Tasmanian Forest Practices Code, and 
considered streamside filterstrips and slope limitations for conventional and cable harvesting 
equipment. Table 8 summarises the constraints considered in the suitability evaluation.
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Table 8: Economic and Operational Constraints Considered in the Suitability
Evaluation
1. E con om ic C onstra in ts  
P rim a ry  E co n o m ic  A rea > 5ha
S eco n d a ry  E co n o m ic  A rea > 2ha w ith in  500 m eters o f  the P rim ary  E conom ic U nit
2. O p era tion a l C onstra in ts
F ilte r  S trips >40 m  from  all stream s m apped  on  1:25,000 m apsheets
S lo p e  L im ita tio n s  
G eology E rosion  H a za rd C on ven tiona l 
L im it (w et)
C able L im it (skyline)
B asalt, T alus &  D olerite L ow 26° 35°
G ran ite , C am brian  V olcan ics, 
T riassic , P erm ian , Q uaternary  
and  C am brian  Sed im en ts
M oderate 26° 31°
ArcView GIS
The ArcView application purchased for this project did not include the ‘Spatial Analyst’ 
extension, which allows advanced interrogations including the ability to combine coverages 
and re-calculate polygon areas. This presented a significant constraint to the sorts of analyses 
that could be carried out, as the functionality of the base application does not extend beyond 
locational queries and manual digitising. This limitation was overcome by either borrowing 
or emulating functionality from the more sophisticated applications of Arclnfo operating on a 
Unix platform and ArcView with Spatial Analyst on Windows NT.
For example, the simple analysis of geology types located within NFP’s eucalypt tree farms 
(ETF) in Table 1 could not be performed in the basic ArcView application because the 
application could not calculate areas intersected by the ETF polygons. The analysis for Table 
1 was derived using the Spatial Analyst extension of ArcView on a NT platform using a 
25x25m (0.065ha) grid overlayed on the area of the intersected polygons geology and NFP 
ETF. The data transfer from the laptop computer to the NT desktop was made possible by the 
shareware functionality of the Zip Drive.
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For the main analysis the limited functionality of the basic ArcView application was 
overcome by replicating the grid function using the DEM as the basic interrogation unit. The 
DEM was calculated in Arclnfo using a 25x25m grid, after which it was clipped with land 
tenure, and underwent some merging of adjacent polygons based on slope classes. The 
statistics for the DEM grid sizes (by PAZ) are given in Table 13. The data shows the median 
grid size to be 0.0625 ha, consistent with the nominal size of the grid function in Spatial 
Analyst had it been available.
The methodology used to interrogate the DEM grids differed for the productivity and 
suitability analysis. The productivity analysis was undertaken by using the ‘Select by Theme’ 
function to identify grids which had their centre contained by the selected geology group, 
rainfall class and elevation class. The use of the central point to select grids was important for 
assigning a grid cell to an active theme, particularly where it was only partially contained by 
a polygon, and to prevent overlap in adjacent active themes.
Area statements were derived manually for each productivity class from the geology-rainfall- 
climate matrix. Data was entered into Excel Spreadsheets and progressively cross-checked for 
error. In this way errors were eliminated as they occurred and the only source of variation was 
attributed to rounding, usually less than 1 ha per PAZ. Another minor source of variation was 
associated with the overlap or gap between the adjoining Geology coverages.
The suitability evaluation was beyond the scope of the basic ArcView application because it 
required recalculation of areas to find steep areas meeting the minimum economic areas 
described in Table 8. This limitation was overcome by programming ArcView using an 
‘Avenue’ script provided by the company responsible for the software development and 
distribution, Environmental Systems Research Institute (Anna Hummel - ESRI, pers. comm.) 
Australia. The Avenue Script provided by ESRI is contained in Appendix 3.
The process used for the suitability evaluation was undertaken in two stages. The first step 
involved merging of all grids not within 40m of watercourses and using the Avenue script to 
recalculate new polygon areas. Polygons not fitting the minimum economic criteria in Table 
8, i.e. (1) smaller than 5 ha, and (2) further than 500 m and smaller than 2 ha, were
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eliminated. The second stage involved reselecting slope grids from the DEM which 
corresponded with the retained polygons, and then classifying them by erosion hazard 
according to the operational criteria in Table 8.
Validation
Validation of the results of the productivity evaluation was necessary to indicate the adequacy 
of the geology-based productivity intervals. As yield data was not available from the NFP 
ETF estate, indirect validation was undertaken using field data to compare estimates from the 
productivity intervals against Laffan’s Framework Classification and PROMOD forecasts. 
The exercise was not intended as an assessment of either PROMOD or the Laffan Framework 
Classification as this was not the objective of the thesis.
A small stratified sample was designed to collect soil and site data from three locations in 
each of the five PAZs representing high, medium and low productivities. Data was analysed 
in JMP (statistical package) using the graphics features and regression diagnostics.
Data from the interval-based Laffan classification were transformed to single point data using 
the mid-point of closed intervals, and maximum/minimum values of open intervals (i.e.<10, 
10-15, 15-20,>20 became 10, 12.5, 17.5 and 20 m3/ha/yr). The Productivity Intervals were 
also transformed into Ratings (<=7, >7<=15, >15<=25, >25 became 7, 11, 20 and 25 
m3/ha/yr). The PROMOD results were calculated by Cooperative Research Centre 
Sustainable Plantation Forestry, Hobart (M. Battaglia Research Scientist, pers.com.) for all 
sites sampled, however sites above 350m were subsequently eliminated because PROMOD is 
calibrated for E.globulus only.
The process of transformation of interval-based estimates to point data introduced a level of 
variation into the analysis, particularly at the maximum and minimum intervals. In addition 
the comparison of the Laffan estimates and Productivity Ratings are limited to 4x4 possible 
combinations in which the points are not free to coincide perfectly. Nevertheless the 
regression analysis is useful for indicating general trends and the overall performance of the 
models as a validation measure.
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Sensitivity analysis was undertaken in the suitability analysis to assess the effect on the area 
statistics arising from variation to assumptions of minimum economic area criteria. Three 
alternatives were used and are reported in Table 15:
• >=5 ha;
• >=10 ha, >=5 ha within 500 m;
• >=10 ha.
Accuracy and Precision
The interpretation of the data requires some indication of accuracy, an often overlooked issue 
in presenting GIS results. This requires consideration of the scale (relating to location error), 
and quality (relating to attribute error) of spatial data with reference to uncertainty. Whereas 
the primary data provided by NFP and BRS is attributed with a scale and a nominal level of 
accuracy, the derived or modelled data (elevation, geology, slope, rainfall and productivity 
intervals) cannot be similarly attributed.
For this reason the results have been generally attributed as level 1 (higher degree of 
confidence eg. primary data) or level 2 (lower degree of confidence - derived data) - see Table 
9. The significance of this is that all results in Section 5 and the Appendices were calculated 
so that Level 2 data was subordinate to Level 1 data, to minimise the possibility of 
compounding model error. For example the sensitivity analyses presented in Table 15 are 
reported against total steep land and not productive land. This of course can lead to some 
clumsiness in reporting however the provision of the ArcView project on CD with this thesis 
allows further analysis to be undertaken if required.
Slope is considered as Level 1 data, because it was generated directly from a 25 m grid, using 
1:25,000 contour data and it therefore has a known cumulative accuracy of ± 12.5 m error to 
the spatial accuracy of± 125 m.
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Table 9: Summary of Spatial Data Used to Support the GIS Analysis with Comments
Relating to the Degree of Uncertainty
N a m e S c a le L e v e l  o f
C e r t a in t y
*
N o te s
Cadastre 1:25,000 1 Nominally ±125 m**
Contours 1:25,000 1 Nominally ±125 m**
Elevation 1:25,000 2 Derived by enclosing contours; nominally ± 125m
Forest 1:25,000 2 Updated map coverage -  quality uncertain
Geology NE & NW 
Tas
1:250,000 2 Field sampled for basalt ±200 m; quality uncertain
Polygon Area 1:25,000 1 Grids merged and polygons areas recalculated; 
nominally ±125 m
Productivity Intervals 1:25,000 2 Derived from ANUCLIM modelled annual rainfall, 
elevation and geology - quality uncertain
Rainfall 1:25,000 2 Derived from ANUCLIM modelled annual rainfall -  
quality uncertain
Rivers 1:25,000 1 Nominally ± 125m**
Slope 1:25,000 1 Derived from 1:25,000 DEM (± 125m) and averaged for 
0.065 ha grids
Tenure 1:500,000 1 Nominally ± 2500m**
* Level 1: Higher degree of certainty; Level 2: Lower degree of certainty 
**nominal scale assuming mapped data is correct
Of the Level 2 data, elevation carries the highest degree of certainty because it was generated 
by enclosing 10m contours, and therefore can be quantified as contributing ± 5m error to the 
spatial accuracy of ± 125 m. All other level 2 data contains unquantifiable locational or 
attribute error.
Geology is mapped at 1:250,000, translating to accuracy of ± 1250 m. The field samples 
showed that for basalt the positional accuracy varied by 200 m and this was subsequently 
factored into the analysis by attributing all grids within 200 m of basalt. The results of the 
field work however cannot be interpreted as indicative of other geology types. Basalt is a 
particularly important geology and readily identified due in part to a relatively high intensity 
of cultivation. The quality of the geology data is therefore uncertain.
Rainfall was generated from ANUCLIM modelled data (80% of coverage) and Tasmanian 
point source data. Although the ANUCLIM is based on 1:25,000 contour data, the quality of 
the model is uncertain.
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The Productivity Intervals are values attributed to compilations of several data sets, most of 
which are Level 2 data and are therefore regarded as Level 2 data.
Other possible sources of error include the process of grid selection and area recalculation. 
This would of course be a minor source of error compared to other issues and for this reason 
polygon areas are regarded as Level 1.
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5.0 Results
This section presents the summarised results of the suitability evaluation incorporating the 
results of the productivity evaluation, together with the results of the validation procedures 
outlined in Section 4. The data from the suitability evaluation is summarised in Table 10 and 
detailed in Appendix 4; the full dataset is too large to be presented in hard copy, and is 
presented in two Excel files “Summary.xls” and Totalsum.xls”, together with the primary 
spatial data in ArcView on the Compact Disk supplied with this thesis.
Maps 2 to 6 show the spatial distribution of steep land for each of the five Private Property 
Area Zones (PAZs) at a sufficiently small scale to fit on A3 paper. Map 7 presents an area of 
high productivity (Forsyth’s Property, Ringarooma Basin near Scottsdale) at a considerably 
larger scale, to demonstrate the application of the 25 m2 grid cells from the DEM in the 
analysis, together with the productivity and suitability classes.
5.1 Productivity and Suitability
As a result of this analysis, the area of steep land on private property that is considered 
productive and suitable for farm forestry has been quantified (Table 10). The constraint 
mapping overlay process progressively reduced the area evaluated as productive and suitable:
• Area of Tamar Wood Supply 
Catchment:
• Area Steep Land on Private Property:
• Area Steep Land considered 
Productive:
• Area Steep Land of Minimum 
Economic Size:
• Area Steep Productive Land of 
Minimum Economic Size:
• Area Productive Land Suitable for 
Cable:
• Area Productive Land Suitable for 
Conventional Ground-based 
Operations:
1,962,542 ha
19,768 ha % Total Area: 1%
12,630 ha % Steep Land: 64%
7,721 ha % Steep Land: 61%
4,618 ha % Steep Land: 23%
4,487 ha % Steep Land: 22%
3,222 ha % Steep Land: 16%
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Table 10: Summary of Productivity and Suitability Evaluation for Farm Forestry on 
Steep Land in the Tamar Wood Supply Catchment(1)
P riva te T ota l A rea A rea Steep A rea Steep A rea Steep  S lopes C onsidered  P rod u ctive<2) and
P rop erty  A rea P A Z Slopes on Slopes Su itab le  (3) by P rod u ctiv ity  C lass
Z on e (ha.) private C onsidered
(P A Z ) property P roductive
P roductiv ity T ota l C able (su b se t C o n v en tio n a l
Class o f  total) (su b se t o f  cable)
E ast T am ar 296,612 9,398 4,532 1,525 1,503 1,067
>25 112 108 76
>15,<=25 491 485 332
>7,<=15 922 910 659
W est T am ar 220,286 2,073 1,533 429 416 319
>25 313 50 42
>15,<=25 66 64 47
>7,<=15 50 302 230
T iers 855 ,106 2,638 1,860 643 620 452
>25 195 195 135
>15,<=25 7 7 7
>7,<=15 441 418 310
N orth  E ast 349 ,403 3,983 3,035 1,634 1,575 1,117
>25 735 702 513
>15,<=25 335 332 246
>7,<=15 564 541 358
S cottsd a le 242 ,135 1,676 1,670 387 373 267
>25 242 229 166
>15,<=25 145 144 101
>7,<=15 0 0 0
T otal 1 ,963 ,542 19,768 12,630 4,618 4,487 3,222
(1) Units rounded to nearest ha.
(2) See Table 7
(3) See Table 8
The volume of wood that could potentially be produced from the land considered productive 
and suitable, is approximately 82,552 m3/ha/yr, assuming all land was under trees and 
growing at peak MAI.
The area of forested steep land is detailed in Table 11.
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Table 11: Area of Forested Steep Land on Private Property
P rivate P rop erty  
A rea Z on e
A rea  Steep  S lopes on  
p rivate property
A rea  F orested (,) P ercent o f  S teep  land  
forested
East Tamar 9,398 3,155 33.6%
North East 3,983 1,640 41.2%
Scottsdale 1,676 344 20.5%
Tiers 2,638 113 4%
West Tamar 2,073 481 23%
T ota l 19,768 5,733 29%
(1) Area calculated on Unix platform using updated version of “Vegrac” l :25000 Vegetation coverage for 
Tasmania.
5.2 Validation
Productivity Estimates
A summary of the results of the validation exercise, showing the predicted productivity of 
survey sites using PROMOD and Laffan’s classification, against the Productivity Intervals is 
given in Table 12. The sample varied from the original survey design because access onto 
some private property was restricted. The validation of productivity estimates is therefore 
based on a sample size of 13 sites representing the three productivity ratings - high (24% of 
sample), medium (30% of sample) and low (42% of sample) for 4 out of the 5 PAZs.
A full list of site survey details including the Laffan site attributes and Suitability ratings is 
given in Appendices 5 and 6. For completeness the Northcote Soil Classification (Northcote 
1984), Grant Soil Type (Grant et al 1995) and standard Field Texture nomenclature are also 
given. The Grant soil type however is of limited applicability to agricultural (and non- 
forested) soils.
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Table 12: Summary of Sample Data Used for the Validation of the Productivity Ratings
Name (1) Prod’ty
Interval
m3/ha/yr
Promod
mVha/yr
(2)
Laffan(i)
Rating
m3/ha/yr
Geology 
Group 
(App. 2)
Rainfall
Interval
Northcote 
(ii) Soil 
Type
Field
Texture
Grant(iii) 
Soil
Type (3)
East Tamar
Corkereys 15-25 NA 15-20 Mathinnas 1250-1500 Dr. 4.52 SCL 10.2
Bless Dol 7-15 NA 10-15 Dolerite 750-1000 Gn 4.52 L/SiCL 15.3
BenLomond 15-25 NA 15-20 Granodiorite 1000-1250 Gn 1.52 LSCL/Lfsy 11.3/11.4
TumerMarsh 7-15 7.1 <10 Permian M/s 750-1000 Dy 2.12 L/MC NA
Cambden >25 NA >20 Basalt 1250-1500 Gn 3.11 FSCL 16.1
BlessTalus 15-25 NA 15-20 Talus 750-1250 Uf 6.12 HC 17.1
Scottsdale
Ringarooma 15-25 22.3 15-20 Mathinnas >1500 Dr 4.52 SCL/SC 10.2
Nabowla 15-25 21.8 15-20 Granodiorite 1000-1250 Uc 3.32 FSL 11.3
Forsyths >25 31.7 >20 Basalt 1250-1500 Gn 3.11 FSCL 16.1
West Tamar
Deloraine 7-15 11.9 10-15 Camb. Seds 750-1000 Uc 3.3 LS/FSL NA
Wcikleigh 7-15 19.0 10-15 Quat. Seds 750-1000 Dg 2.12 Lfsy/LC NA
Tiers
Ritters 7-15 18.5 15-20 Camb seds 1000-1250 Dy 2.32 SCL/FSC1 NA
Liffey 7-15 NA 15-20 Perm. Seds 1000-1250 Dy 5.12 L/SC NA
(1) Locations on Maps 2-6
(2) Sites below 350m only
(3) Grant Classifications developed for forest soils and are not universally applicable to agricultural soils 
(i) Laffan (1993)
(i j)Northcote (1984)
(jjj)Grant (1995)
Figures 5a and 5b show the results of the regression analysis used to compare the estimates 
derived for the sample sites using the Productivity Intervals and Laffan’s Framework 
Classification, and the Productivity Intervals and PROMOD estimates. Whilst both models 
are significant at the a=0.05 level, the regressions are made from a very small sample, and 
should therefore not be interpreted too literally. They do serve however to indicate the general 
performance of the Productivity Intervals compared to the other recognised models, showing 
that the Productivity Intervals agree more closely with PROMOD and Laffan’s classification 
on higher quality sites than on lower quality sites.
The patterns inherent in the regressions can be explained by a number of factors including the 
size of the sample data, the design and the performance of the models and are discussed 
further in Section 6.
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Forsyths
Ritters
Weikleigh
Nablowla 
Ringaroon ia
Ü 20 ~
Deloraine
Turners Marsh
Productivity Rating
Corkereys
Ben Lomond 
Bless T 
Ringarooma 
Nabowla
For sy :hs
Ritters
Liffey
Deloraine 
Weikleigh 
Bless D
Turners Marsh
Productivity Rating
Summary of Fit
RSquare 0.692293
RSquare Adj 0.630752
Root Mean Square Error 4.835876
Mean of Response 19
Observations (or Sum Wgts) 7 
Analysis o f Variance
Source DF Sum of Sq.s Mean Sq. F Ratio 
Model 1 263.07152 263.072 11.2492
Error 5 116.92848 23.386 Prob>F
C Total 6 380.00000 0.0202
Figure 5a: Comparison of Productivity 
Rating and ProMod Estimates
Summary of Fit 
RSquare 
RSquare Adj 
Root Mean Square Error 
Mean of Response 
Observations (or Sum Wgts)
Analysis of Variance 
SourceDF Sum of Sq.s Mean Sq F Ratio 
Model 1 68.38121 68.3812 14.7925
Error 11 50.84956 4.6227 Prob>F
C Total 12 119.23077 0.0027
Figure 5b: Comparison of Productivity 
Rating and Laffan Rating
0.57352
0.534749
2.150044
16.53846
13
Analysis of Area Data
As stated previously, the 25m2 (0.0625ha) grid cells produced from the DEM provided the 
basic analysis unit for this project, however some merging of adjacent grid cells was 
undertaken during the process of data preparation in Arclnfo. The presence of merged cells 
can be seen in Map 7. Table 13 shows the distribution of size classes for grid cells derived 
from the DEM; although the distribution of grid sizes is positively skewed, the median value
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Table 13: Distribution of Grid Sizes (ha) Provided from the Digital Elevation Model
E ast T am ar N orth  E ast Scottsdale T iers W est T am ar
T ota l S teep  L and (ha)
Q uan tiles (% ) 
100 16.6250 8.1497 8.9486 7.4325 5.6875
97.5 1.0000 0.8247 0.8125 0.8125 0 .7520
90 0 .3750 0.3477 0.3750 0 .3750 0 .3328
75 0.1875 0.1875 0.1875 0.1875 0.1875
M edian 0.0625 0 .0625 0 .0625 0 .0625 0 .0625
25 0.0625 0.0625 0.0625 0.0625 0.0625
10 0.0625 0.0625 0.0625 0.0625 0.0625
2.5 0.0625 0.0397 0.0523 0 .0538 0 .0525
0 0 .0156 0.0139 0.0156 0 .0156 0 .0119
C oun t 49 ,322 23,673 9,817 15,321 12,837
for grid cells contained within each of the PAZs is 0.0625 ha. and 97.5 % of the grids cells 
are less than 1 ha in size.
Table 14 shows the distribution of polygons for steep land before and after selecting for the 
minimum economic criteria. After the selection process the median size of polygons changed 
from 0.2ha-0.25ha to 5-8ha. The minimum areas changed from O.Olha to 2.0 ha due to the 
incorporation of the minimum economic area rule, and maximum areas decreased from 175.3 
to 108.0 ha due to the withdrawal of grids within 40 m of watercourses.
The selection process reduced the total number of polygons from 14,577 to 772, probably 
including a number of clustered small polygons that could be aggregated to meet the 
minimum economic criteria. The significance of this on the results is discussed in Section 7.
Figures 6a and 6b show the highly skewed distribution of the polygon areas for East Tamar 
PAZ as an example of the change in polygon sizes distributions before and after the screening 
process. This presents a tool for selecting areas and prioritising development on the basis of 
polygon size and is discussed further in Section 7.
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Table 14: Distribution of Steep Area Size Classes (Polygons) for Total Steep Land and 
Land Meeting Minimum Economic Size Requirements
E ast T am ar N orth  East Scottsdale T iers W est T am ar
T ota l S teep  L and
Quantiles (%) Polygon Area (ha)
100 175.3127 134.3403 69.2031 108.0000 27.6250
97.5 11.9375 11.4881 5.9062 11.2932 5.4944
90 3.1875 3.1494 2.1250 2.5018 1.9385
75 0.9375 0.9761 0.6875 0.8750 0.7500
M edian 0 .2500 0.2500 0.2500 0 .2500 0 .1925
25 0.0625 0.0625 0.0625 0.0625 0.0625
10 0.0625 0.0625 0.0625 0.0625 0.0625
2.5 0.0625 0.0241 0.0539 0.0560 0.0400
0 0.0156 0.0164 0.0168 0.0166 0.0170
Count 5,845 2,507 1,699 2,008 2,518
L and  M eetin g  M in im u m  E conom ic S ize R equirem ents*2’
Quantiles (%) Polygon Area (ha)
100 108.0625 80.9977 55.6858 34.5648 24.5000
97.5 53.2751 45.3775 52.7517 26.2900 20.7235
90 26.1125 17.6250 17.3902 18.3292 15.2426
75 13.2902 10.2893 8.9782 12.3325 7.7500
M edian 8 .5625 5.2804 5.5313 6.1884 5 .5625
25 6.2036 3.0810 2.9591 4.0000 3.2242
10 5.0867 2.2500 2.2586 2.5670 2.3500
2.5 2.6719 2.0254 2.0109 2.1089 2.1000
0 2.3125 2.000 2.000 2.000 2.000
Count 285 220 46 130 91
(1 Calculated from 25x25 m grid and reported in hectares to 4 decimal places 
(2)>40 m from watercourses, >=5ha + (>=2ha within 500m).
Sensitivity Analysis on Minimum Economic Criteria
Table 15 shows the total area of steep land when slope polygons are selected by various 
minimum area criteria, indicating the sensitivity of the analysis results to changes in the 
assumptions relating to minimum economic criteria. The reduction in area arising from a 
change in minimum economic criteria from the base scenario to polygons greater than or 
equal to 10 ha is 37%. The reduction effect however is unequally distributed across the PAZs. 
West Tamar shows the highest sensitivity with a reduction of 62% reflecting a greater 
proportion of smaller slope areas, more widely dispersed when compared to the other PAZ’s. 
Alternatively East Tamar shows the least sensitivity, indicating that the slopes are larger and 
more closely distributed compared to the other PAZs.
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Quantiles Polygon Area (ha)
maximum 100.0% 175.31
99.5% 35.14
97.5% 11.94
90.0% 3.19
quartile 75.0% 0.94
median 50.0% 0.25
quartile 25.0% 0.06
10.0% 0.06
2.5% 0.06
0.5% 0.02
minimum 0.0% 0.02
Quantiles Polygon Area (ha)
maximum 100.0% 108.06
99.5% 04.72
97.5% 53.28
90.0% 26.11
quartile 75.0% 13.29
median 50.0% 8.56
quartile 25.0% 6.20
10.0% 5.09
2.5% 2.67
0.5% 2.34
minimum 0.0% 2.31
Figure 6a: Outlier Boxplot (top),Quantile 
Boxplot,Histogram and JMP Summary 
Report Showing the Size (ha) Distribution of 
Slope Polygons in the East Tamar PAZ
Figure 6b: Outlier Boxplot (top), Quantile 
Boxplot, Histogram and JMP Summary 
Report (bottom) showing the Size (ha) 
Distribution of Slope Polygons in the East 
Tamar PAZ which Meet the Miniumum 
Economic Size Requirements.
Table 15: Results of Sensitivity Analysis Comparing the Base Scenario with Three Alternatives
M inim um  
Econom ic Unit (ha)
EastTam ar
Ha (%)(1)
Northeast
ha (% )(1)
Scottsdale
ha (% )(1)
Tiers
ha (% )(1)
W estTam ar
Ha (% )(l)
Total
ha (% )(1)
Total Steep Land on 
private property
9,398 3,983 1,676 2,638 2,073 19,768
>=5>=2w’in 500m(2) 3,671 1,908 387 1,134 621 7,721
>=5 3,603 (98) 1,593 (83) 333 (86) 973 (85) 514 (83) 7,016 (90)
>=10>=5 w’in 500m 2,608 (71) 1,346 (70) 251 (64) 754 (66) 263 (42) 5,222 (68)
>=10 2,575 (70) 1,169 (61) 216 (56) 692 (61) 234 (38) 4,886 (63)
(1) % of Base Scenario
(2) Base scenario used in Suitability Analysis
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6.0 Discussion
This section evaluates the methodology against the framework for classifying methodologies 
developed in Section 3 (Tables 5a and 5b, Figure 2). The results of the analysis are 
considered in terms of the limitations of the technology and accuracy of the data. The 
geology-based Productivity Intervals are used to explore the opportunities for improving site 
productivity, and as an input to suitability analysis. Operational aspects arising from the 
evaluation are reviewed and opportunities for further research identified. The results of the 
analysis are evaluated against the objective of the study - the identification and evaluation of 
steep land for farm forestry.
6.1 Evaluating the Methodology
k>i<fc
The methodology used in this analysis was designed to make optimal use of available 
technology and data, taking into account underlying theory, to satisfy the principal objective 
of identifying and evaluating steep land for farm forestry. As stated previously, the 
methodology was necessarily simple, but designed to be transparent, reproducible and 
incorporate a validation measure.
The methodology uses data and technology that places it somewhere in the middle range of 
the methodological continuum (Figure 2). The strengths and weaknesses of the methodology 
with respect to technology and data are discussed below.
One overall advantage however is that the results of the analysis are provided in a form such 
that they can be updated or improved in response to new technology, data, or changes to the 
underlying the assumptions. Such improvements would be incremental, involving a trade-off 
between the cost of increasing analytical complexity, and the benefit of improved predictive 
capability. For example, using Arclnfo would increase the capacity to handle more and 
complex data, requiring considerably higher capital investment and analytical skills. The use 
of Arclnfo alone however would not necessarily increase the quality of the model, unless
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there was yield and financial data available from which quantitative relationships could be 
determined.
Technology and Methodology
The technology is well suited to handling small data sets, consistent with local level analysis 
required for routine operations. However it demonstrated severe limitations in dealing with 
larger data sets required for regional level analysis.
The use of ArcView GIS, a windows based Geographic Information System allowed spatial 
analytical techniques to be developed and incorporated at low capital cost and without prior 
experience on behalf of the analyst. The basic Arcview package is available for under $500 
for a student licence or $2000 for a corporate licence. The windows environment makes the 
application simple to use, and the basic skills were self taught from the manual in under a 
week. This compares markedly with Arclnfo, a much more powerful GIS, which requires 
extensive knowledge and expertise to operate. Arcview’s compatibility with Arclnfo was a 
design feature that was in this case essential for working around the limited functionality of 
the application.
ArcView was used on a notebook PC which, being very portable, was used remotely in the 
field, and at the NFP Mill at Bell Bay Tasmania. The PC was also networked with the 
University computing environment. Data was transferred across the University network, or 
via the Zip Drive at several stages in the analysis.
The windows platform (Windows 3.1) also allowed direct linkages with other analytical tools 
including spreadsheets and databases (Excel and Access), a statistical package (JMP), and a 
word processing package (Word).
Although the Notebook contained a 100MHZ Pentium Processor and was upgraded with 
32MB RAM, it was slow when dealing with reasonably large files (some in excess of 40MB), 
and the application was prone to crashing. The external Zip Drive contributed significantly to
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the ability of the hardware to support the GIS application, however was slow in moving data 
across the parallel port, and meant that data had to be stored in multiples of less than 100 MB.
The basic Arc View application used for the analysis is designed for simple analysis, and its 
windows interface is not designed for multiple interrogations. Consequently the 
interrogations were laborious, and the work required to undertake the analysis from the 
productivity/suitability criteria in ArcView was quite substantial. Nevertheless it should be 
remembered that ArcView GIS has only recently been available (the licence purchased for 
this project was amongst the first available in the Forestry Department), and its use and 
application on a portable computer represents a significant technological development 
compared to what was available only a few years ago.
Data and Methodology
The productivity evaluation, using geology-based productivity intervals, was entirely 
qualitative because yield data was not available for examining the influence (if any) of 
available climate and edaphic data. However, even if the sought-after yield data been 
available, there was no guarantee that any meaningful quantitative relationship would have 
been established between the available data sets. This conundrum was highlighted in the 
literature review, for example Bureau of Resource Sciences (1998) found that from a large 
range of possible input variables, the only significant regression to be obtained for site index 
was from a simple function of climate. Indeed, relationships such as the soil-based curves 
developed by Turvey and others could not have been supported by this analysis because of 
insufficient soils data, and the limited capacity of ArcView to handle multiple-level 
interrogations.
Data constraints for the productivity and suitability analysis were overcome in the 
methodology in a number of ways. Local knowledge and professional judgement were used 
to group available input data - geology, annual rainfall and elevation into four Productivity 
Intervals. This was then validated by comparing field estimates with predictions from 
Laffan’s classification and PROMOD (at sites below 350m). The validation exercise (Figure 
3) showed the methodology to be acceptable at predicting growth at sites of high productivity
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and conservative at sites of lower productivity. This inherent conservatism is preferred at a 
regional level analysis, because it will not lead to overstated yield forecasts, and as discussed 
below, points to areas for further research.
The spatial variables available for the suitability analysis included distance to mill, slope 
class, erosion hazard, area and productivity. Had the financial data been available, the spatial 
variables could have been used to assess the net financial benefit of operations, using 
discounted cashflows (cost-benefit analysis) in Excel spreadsheets hot-linked to the GIS. 
However, as for the productivity analysis, the methodology would have been constrained by 
the limited technological capacity of ArcView for handling multiple variables. With increased 
technological capacity such as available with Arclnfo, or perhaps the Spatial Analyst 
extension of ArcView, there is the potential to integrate a larger number of variables, which 
could be ideally suited to cost-benefit analysis.
The limitation in data was overcome by using a minimum economic unit, identified by NFP 
as the area required for harvesting or establishment operations. There are many assumptions 
underlying this criterion, any one of which would alter the minimum size threshold. A key 
feature of the methodology is transparency and reproducability, and the spatial dataset is 
presented so that the results can be reviewed using new area parameters, for example 
upgrading the primary economic unit from 5ha to 10ha, or removing the secondary area. This 
is entirely possible as Area Foresters with NFP can use the data and ArcView project 
presented in the enclosed Compact Disk, to conduct their own analysis. The results of the 
sensitivity analysis in Table 15 show the impact of three alternate scenarios.
Other parameters that may be altered include those in the Forest Practices Code, or the 
introduction of new equipment or techniques that impact on both environmental and financial 
parameters.
It is noteworthy that the parameters and approach used in this analysis was very similar to 
that suggested for the state-wide analysis of farm forestry productivity for the Comprehensive 
Resource Assessment process although the threshold limitations were different and no
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productivity estimates were suggested (Tasmanian Public Land Use Commission and 
Commonwealth Forest Taskforce 1996b).
6.2 Assessing Confidence of the Results
Despite the sophistication that GIS brings to regional level analysis, there is still no simple 
method of assessing confidence in the results. This is because error is introduced at many 
stages in the assessment process, some of which can be quantitatively assessed, and some 
which cannot. Consequently the methodology incorporated data handling techniques 
designed to minimise the chance of cumulative error, and a validation measure to gain some 
assessment of confidence.
The regression analysis showed the Productivity Intervals to have greater variation at lower 
quality sites than on higher quality sites. This may be explained by a number of factors 
including the sample size and representation, and the inherent bias in ranking of the geology- 
based Productivity Intervals.
The small sample size has a larger representation of sites of lower site quality than higher site 
quality contributing to the opportunity for higher variation of predicted productivity on lower 
quality sites.
The highest quality sites are Forsyth’s property (Map 7) and Camden Rd (Table 12), 
characterised by basalt soils and high rainfall, and are the easiest to identify in the field. It is 
therefore unsurprising that the Productivity Intervals were generally in agreement with 
PROMOD and the Laffan estimates for these sites, and that differences in the estimates are 
largely attributed to the data preparation process which limited the maximum productivity 
estimates in the Productivity Intervals and Laffan’s classification.
The other geology types, particularly those suspected of being low productivity sites, were 
more difficult to recognise because there was more of them and their soils could demonstrate 
one or more limiting conditions, each of which needed to be independently assessed, eg. high 
clay content, low nutrient status or impeded drainage.
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Given the Laffan classification and PROMOD are both based on a larger selection of 
variables than the geology/rainfall/elevation matrix, it was important that the Productivity 
Intervals were ranked conservatively so as not to overstate regional productivity. Despite the 
forced positioning of the intervals into ratings, the conservatism of the Productivity Intervals 
is still demonstrated by the regressions in Figures 5a and 5b.
The use of GIS allows the uncertainty associated with modelled data to be qualitatively 
demonstrated by overlaying probability for contributing themes to create a shadow map 
showing joint probabilities for areas of higher or lower certainty (Berry 1995, Berry 1996, 
Burrough 1991). Some types of error such as location error can be quantified (eg. Skidmore 
and Turner 1992) whereas others, particularly attribute error, need to be assessed as to the 
quality of the source, survey reliability or age of the data. The Productivity Intervals are well 
suited to probability shadow mapping, incorporating the results of the field data and 
validation exercise, however the spatial analysis is beyond the capability of ArcView.
6.3 Interpreting the Results
The geology-based Productivity Intervals are useful for further discussion regarding the 
importance of soil, and as the basis for further investigation into site productivity, and the 
potential for site improvement.
Figure 7 shows the location of the three geology-based Productivity Ratings (transformed 
from the Productivity Intervals as described in Section 4.2) with respect to annual rainfall and 
peak MAI. The Productivity Ratings are drawn as stepped lines, reflecting the way in which 
the values were fitted.
The smooth curves represent the hypothetical location of a family of growth curves which 
could be fitted using regression techniques if field data was available. In this case, the small 
sample of data presented in Table 12 was insufficient to obtain a reasonable model reflecting 
the underlying growth theory.
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Figure 7: Peak MAI by Rainfall Showing Geology-based Productivity Ratings (Stepped 
Lines) and Suggested Locations for Fitted Curves
See appendix 2 for Geology Groupings
The growth curves express the expected growth of a stand on a given geology against annual 
rainfall. Differences in growth (or growth response) arise from soil chemical and physical 
properties interacting with rainfall to provide soil moisture and nutrition. Neither the 
properties nor the productivities are quantified, but the underlying relationship is supported 
by the literature eg. for example Turvey et al 1986, or Turvey 1986. Although a rather 
simplistic model of ‘site’, the curves can be used to explore the relationship between site and 
growth.
The curves suggest that within the range of rainfall 750-1800 mm, there are three distinct 
patterns of growth for each of the high, medium and low quality sites. Peak MAI is 
substantially higher on highly productive sites than on low productivity sites, reflecting
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favourable soil structure and nutrition. As rainfall increases, productivity increases 
exponentially across all sites, but inevitably the limitations to growth mean that the rate of 
increase in growth will decline. The area of maximum growth is assumed to occur from 
around 1800 mm and rainfall above this point could on some soil types start to constrain 
growth, for example clayey soils or soils with impeded drainage. Free draining soils however 
would not be expected to constrain growth up to 2500mm (Turvey 1983).
Sandy or reasonably well structured soils are an example of moderately productive soils that 
have the potential to demonstrate a greater relative increase in productivity due to increasing 
rainfall than either the low or higher productivity soils. Figure 7 shows the hypothetical 
location of the moderate productivity growth curves starting at a low level of productivity on 
sites with low rainfall, and raising to high levels under high rainfall.
Examples of a geology-based productivity classes that behave in this way are taken from 
Grant et al (1995):
G e o lo g y G r a n t S o il T y p e R a in fa ll G r a n t  P r o d u c t iv ity  
R a tin g (1)
• Low Productivity Rating(2)
Quaternary 
Alluvial Deposits
18.1 Quaternary Sandy Soils under Dry Forest 800mm Very Low
18.2 Coarse Sandy Soils under Scrub and Sedgeland- 
Heathland
1100mm Very Low
18.3 Clayey, loamy and fine sandy soils under 
Blackwood Swamp Forest
1400mm Very Low to Low
• Moderate Productivity Rating<2)
Devonian 11.2 Coarse Sandy over Clayey soils under Dry 800mm Very Low to Low
Granites Forest
11.3 Clayey Soils under Wet Eucalypt Forest 1200 mm Medium to High
11.4 Loamy Soils under Mixed Forest/Rainforest 1400 mm High
• High Productivity Rating (2)
Tertiary Basalt 16.1 Red Clayey Soils Under Wet Forest 1400 mm High
(1) Grant et al (1995): very low <10, low 10-15, medium 15-20, high >20m3/ha/yr.
(2) Grant et al (1995) do not describe Basalt on low rainfall sites.
The geology-based productivity model of course simplifies the high level of variation that 
would be attributed to localised geology, climate and topography leading to differences in 
soil development and ultimately productivity. For example Grant describes a large variation 
in productivity on Soil Type 10.3 Soils on Mathinna Beds, Clayey Soils under mixed 
Forest/Rainforest - ranging from High to Very Low Productivity (Class 1 to 4). Productivity
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classifications that demonstrate this extreme sort of variation within one group have not 
identified all important site attributes in their classification criteria eg. elevation or aspect.
The three geology-based growth curves are a reminder of Turvey’s discussion of growth 
response to site improvement (Turvey 1986) leading us to consider how Figure 7 could be 
used to assess the effect of improvements to site conditions on productivity, and the 
underlying soil attributes which are responsible for limiting growth.
Improving Site Conditions and Limits to Growth
Turvey (1986) describes productivity responses as either a Type 1 (commuted) or Type 2 
(transposed) response with respect to time. This concept can be applied to the geology-based 
productivity curves in Figure 7 by using their location to suggest the magnitude and timing of 
productivity responses possible under a Type A (commuted) or Type B (transposed) scenario.
The quantity of a Type B response in terms of peak MAI at a given rainfall and geology on 
low to moderate productivity sites could be modelled by elevating the curves (effected by 
altering the value of the intercept in the quadratic function). The location of the curves show 
the potential quantity gain under a Type B response, for example a low productivity site 
could be transposed to a medium level and a medium level to a high level of productivity. 
The potential gains to high productivity sites however are not readily visualised because the 
limits to growth are undefined.
The challenge here is identifying and ameliorating the constraining soil characteristics in 
order to realise the potential gains from site improvement. If treatments such as ripping, 
mounding and fertilising are shown to improve soil structure and nutrition, site-based 
prescriptions for improvement could be developed to reflect the nature and quantity of the 
limiting attributes. It follows that high quality sites would require less work than low quality 
sites to optimise productivity. Conversely any work carried out on high quality sites would 
only result in marginal improvements in productivity, whereas work carried out on the 
moderate or low productivity sites could possibly achieve substantial gains. The question
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arises as to quantifying the productivity response in relation to the amount and type of work 
undertaken.
The curves can also be used to visualise a Type A response, modelled by commuting their 
location. Type A response assumes that limitations to growth occur and productivity will not 
exceed the maximum rate of growth experienced under high rainfall for each productivity 
level. The model therefore suggests that significantly greater potential gains can be made 
under lower rainfall by improving site conditions than under higher rainfall.
The geology-based growth curves provide a simple framework for developing site-based 
prescriptions for cultivation and nutrition, and developing a research strategy that targets 
work in terms of areas in which the highest potential gains occur. An example of the potential 
benefits to operations can be demonstrated in a hypothetical example of land suitability 
evaluation. Consider two parcels of land, one of high productivity and high purchase price, 
and another of moderate productivity and moderate price. Using the growth curves as a basis 
for assessing potential productivity, it is possible that in some cases the sum of land purchase 
price and operational cost of improving productivity on a moderate productivity site could be 
less than the purchase price of a high productivity site. This is possible because land price 
does not necessarily reflect productive capacity, particularly areas that are zoned for rural 
residential purposes or located close to urban areas, and could have profound ramifications on 
the ranking of land in order of preference sought for farm forestry development from a 
commercial perspective.
Of course a substantial amount of research is required before this type of analysis could be 
routinely performed in land suitability evaluation. The issue of identifying land based on the 
results of the thesis is taken up in the next section.
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6.4 Implications for Farm Forestry Development
North Forest Products, through Tamar Tree Farms Pty. Ltd. has committed to expand its area 
of land under farm forestry by 15,000 ha over the next 10 yrs, presumably to meet a notional 
yield target. Given the high level of competition between forestry companies for land in the 
region, the results of this analysis present some interesting options for farm forestry 
development in the Tamar Wood Supply Catchment, depending on whether the company 
takes a strategy with the objective to maximise area under forest or maximise yield.
The results can be interpreted and used in a number of ways. The data distribution presented 
in Table 14 and Figures 6a and 6b can be used to target land on the basis of size. For 
example in East Tamar PAZ, 71 slopes are greater than 13 ha, and 7 are larger than 53 ha. 
Maximum slopes in other PAZs are not as large, with maximum sizes ranging from 24 ha to 
80 ha.
The data also allows for the evaluation of steep land to meet establishment targets. The total 
area of steep land on private property is 19, 768 ha equal to 130% of the land required by 
NFP. This area is reduced to 12,630 ha if only the land rated productive is considered, 
reducing the available area to 84% of company targets. The total area (productive and 
unproductive land) is reduced to 7,721 ha if the minimum economic criteria are applied, and 
further reduced to 4,618 ha, representing 30% of the company target if only the productive 
economic land is considered. However, it should be remembered that the conservative use of 
40m filter strips to all watercourses may have reduced a large area of high quality land and as 
a result of this would be likely to increase the estimate of productive and suitable land.
At first glance the area of steep land considered productive and suitable appears to provide a 
substantial opportunity for meeting regional targets for farm forestry development in the 
Tamar WSC. However there are still many operational and logistical issues to be considered.
The analysis did not directly evaluate the cost of operating on steep land however it is 
suggested that mechanical operations using mini-excavators and portable cable-systems could
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be feasible if permission is obtained to modify the standard prescriptions in the Forest 
Practices Code. This assumption requires further investigation involving productivity field 
trials. It is worth remembering the sensitivity analysis presented in Table 15 indicates that as 
much as 37% of the suitable area would not be considered economic if the minimum 
plantable area were increased from 5 ha + 2 ha to greater than or equal to 10 ha.
It is very unlikely that all the steep land identified would ever become available for planting. 
Community resistance to farm forestry or competition with other land-uses or forestry 
companies is possible , and would reduce the available area. For example if the area offered 
for tree planting was reduced to 30%-10% of the productive suitable land, the total land 
availability would fall to 9% or even 3% of company targets.
Looking at the results another way, the analysis shows around 7,138 ha of steep land to be 
unproductive, and a further 8,012 ha of productive land too small for planting; in total 15,159 
ha. Given the analysis did not consider proximity, it is possible that of the 13,805 small 
polygons (<2ha) eliminated from the analysis, some were close enough together to form 
aggregated units meeting minimum economic criteria. A cluster analysis is required to 
examine this possibility, however this is beyond the capability of Arc View.
The area of productive small polygons presents the company with a number of potential 
options to meet its targets. It could review the cost structures of operating on small areas of 
land, perhaps with the result of operating on areas smaller than 5 ha, or being able to walk 
further than 500 m to areas smaller than 2 ha. Although it is unlikely that operating in such 
small areas would be a realistic commercial option, its effect would be to bring some more 
land into production.
A more promising strategy would be to target small areas of steep land as the nucleus for 
larger parcels incorporating flatter more suitable agricultural land, to satisfy the minimum 
economic size criteria. This approach would be attractive to landowners who want to plant 
trees, but would prefer to see their less agriculturally suitable steep land used ahead of their 
more suitable flatter land. This approach could have some potential as a marketing strategy 
for farm forestry joint ventures projects.
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Attention could also be placed on the area classified unproductive. Given the high level of 
uncertainty in the derived data (Section 4.2), and the regression that showed the predicted 
growth rates on lower productivity sites to be conservative, it is possible that some of this 
land could be reclassified as productive, or could be economically improved. By way of 
example of the potential for this land to contribute to regional establishment targets, if farm 
forestry was established on 10% of the unproductive land, and 30% of the productive land, 
the total land available would equal 4,502 ha. Then if this steep land were obtained as part of 
an agreement in which the landowner contributed another hectare of flat land to every one of 
steep land, the total area would equal 9000 ha or 60% of the area targets.
Taking another approach, the company could replace the area based target with a yield-based 
target, focussing on sites of high productivity or those capable of improvement. This would 
be particularly useful if moderate land low productivity sites could be upgraded through site 
improvement. For example, the estimated yields produced from all the land considered 
productive and suitable is 82,522 m3/ha/yr. By inducing a type B productivity response, and 
increasing moderate and low productivity sites by one rating, the sustainable yield is lifted by 
30% to 105,565 m3/ha/yr. Taking a more integrated approach, if the productivity of the 9,000 
ha planted in the above scenario were improved by 30%, the net effect would be equivalent to 
achieving an area total of 12,000 ha or 80% of the regional area target.
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7.0 Conclusion
The methodology designed for this project made best use of available data and technology to 
meet the principal objectives, to identify and evaluate steep land in the Tamar Wood Supply 
Catchment for farm forestry development. The methodology incorporated an evaluation of 
productivity and suitability using spatial analytical techniques, and was validated using 
productivity estimates from PROMOD and Laffan’s soil-based productivity classification. 
Sensitivity analysis was used to assess the impact of changes in the economic criteria for 
minimum operational size, 5ha plus 2ha within 500m. These indirect measures were required 
because yield and financial data were not available for direct quantitative analysis.
The methodology was evaluated against the availability of data and technology, with respect 
to the project objectives. It was argued that limitations in data and technology were not 
unique to this project, and it was shown in the literature review that where more sophisticated 
technology is available, model development can still be constrained by data. Of course, the 
inverse can also apply. It was also shown that methodologies such as the one developed here 
could be integrated into a decision-management system, making best use of appropriate 
technology for different levels and scales in planning. The use of ArcView and provision of 
data on the Compact Disk enclosed with this thesis allows the results to be re-interrogated, 
and assumptions revised.
The quality of the results was examined with respect to the quality of the input data. Data was 
attributed with a Level 1 or Level 2 degree of confidence. Primary input data was regarded 
with higher confidence (Level 1) than derived data (Level 2). To avoid accumulated error, 
interrogations were made so that Level 2 data was generally subordinate to Level 1 data.
Productivity Intervals were attributed to a simple matrix comprising geology, annual rainfall 
and elevation. The regression of estimated productivity with PROMOD and Laffan’s 
classification showed the Productivity Intervals to perform satisfactorily on high quality sites, 
and conservatively on low quality sites. The Productivity Intervals were overlaid with
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hypothetical geology-based growth curves to examine the potential for improving site 
productivity. Although the models were simplistic, they proved effective for discussing 
research priorities and the potential benefits for operational decision-making. It was 
speculated that if the data were available to quantify productivity, suitability could be 
evaluated on the basis of potential yield from site improvement, lending itself to a more 
sophisticated cost-benefit analysis in which land price could be traded against cost of site- 
specific prescriptions. Fundamental to this was the need to identify site attributes responsible 
for constraining growth, and the potential response from site improvement. Two basic 
response types were suggested, a Type A (commuted) and Type B (transposed) response 
which showed how productivity improvements may be quantified in two dimensions.
The analysis showed that 4,500 ha of steep land in the Tamar Wood Supply Catchment is 
productive and economically suitable for farm forestry, given the stated assumptions 
regarding current operational constraints and a strategy for targeting land on the basis of size 
and productivity. A larger area of steep productive land, 12,630 ha, made up of 8,130 ha of 
small parcels too small for development, was identified and could be targeted as part of a 
strategic campaign in which steep land is planted together with sufficient flat land (<20°) to 
satisfy minimum economic criteria. Alternatively, potential yield increases from site 
improvement were discussed as a means of providing more resource from less land. It was 
shown that the equivalent of 80% of regional establishment targets could be met by targeting 
steep land in conjunction with adjacent flat land, whilst paying attention to site improvement 
to increase productivity.
The use of GIS and provision of the spatial data on the accompanying Compact Disk, 
together with the Excel spreadsheets containing geology-rainfall-elevation statistics for each 
PAZ, allows NFP area foresters to undertake their own analysis, and to refine or alter the 
results accordingly.
The results of this project can be used in a number of ways:
• the GIS data can be used to identify and prioritise areas for further investigation for 
development on the basis of size, and estimated productivity;
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• the geology-based productivity intervals can be used as a basis for estimating 
productivity and investigating potential gains in productivity, and for evaluating cost- 
benefits of plantation establishment;
• the operational review could be used as the basis for investigating the potential for 
bringing smaller, steeper coupes into production through the use of innovative techniques.
The following have been identified as areas of further research and development based on the 
results of the analysis:
• productivity intervals could be tested and refined using NFP yield data, and localised 
geology-based yield models could be constructed using regression analysis techniques;
• site-based research could be undertaken to investigate the suggestion that larger relative 
productivity gains can be achieved from moderate and low productivity sites compared 
with high productivity sites;
• economic analysis could be undertaken to investigate the costs of land and site 
improvement against predicted productivity gains;
• area estimates could be further investigated to determine how much land is available 
within the 40 m filterstrip used for this analysis;
• further analysis could be undertaken to investigate the potential for aggregating groups 
of small polygons (<5 ha or <2 ha) into viable economic units;
• the GIS data could be used to integrate spatially attributed cost-benefit analysis with 
local decision-making in a formalised Decision Support System.
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Appendix 3: Avenue Script Used for The Suitability Evaluation
'this script requires a view as the active document 
'the script takes a polygon theme that has been merged 
'and contains only a single record....
'and creates a new theme by making each individual polygon 
'a new record and recalculates the area
the View = av.GetActiveDoc
theTheme = theView.FindTheme("Sum4.shp") 'change this to correct name
theFTab = theTheme. GetFTab
theShapeField = theFTab.FindField("shape")
thePoly = theFTab.ReturnValue( theShapeField, 0)
polyList = thePoly.Explode
'msgBox.List(polyList,
'exit
'export the old theme to get the same fields
newFTab = theFTab.Export("$HOME/newtheme.shp".asFileName, shape, 
false)
'you can change the filename here if you like 
newShapeField = newFTab.FindField("Shape") 
newAreaFieid = newFTab.FindField("Area") 
newFTab.SetEditable(true) 
if (newAreaFieid = nil) then
newAreaFieid = Field.Make("Area", #FIELD DECIMAL, 20, 4) 
newFTab. AddFields( {newAreaFieid}) 
end
newFTab. RemoveRecord(O) 
for each poly in polyList 
newRec = newFTab.AddRecord 
polyArea = Poly.RetumArea 
newFTab.SetValue(newShapeField, newRec, poly) 
newFTab.SetValue(newAreaField, newRec, polyArea) 
end
newTheme = FTheme.Make(newFTab) 
the V ie w. AddTheme(newTheme)
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Appendix 6: Field Data
D a te 2/02/98 2/02/98 8/02/98 8/02/98
L o c a t io n Forsyths West Scottsdale Camden Rd Corkereys Rd
M a p  S h e e t Maurice Nabowla Patersonia Patersonia
E a stin g s 557,567 535100 536,142 532,276
N o r th in g s 5,427,222 5440793 5,424,301 5,429,129
G e o lo g y Tertiary Basalt Devonian Tertiary Basalt Ord-dev.
Dominantly Micaceous
Granodiorite Quatrzwacke and
Turbidite
Sequences
R a in fa ll m m >1250<=1500 1000-1250 >1250<=1500 >1250<=1500
S lo p e 50% 20-21, 50% 20-35 40% 20-21, 40% 30% 20-21, 40%
22-25 22-25,20%26-28 22-25, 20%26-28
10% 31-35
A sp e c t SE Easterly SE NE
E le v a tio n 300-400 130-250 560-660 410-480
F o r e s t  c o v e r "nv" (check with part pasture, part "nv" "nv"
pd) Eucalyptus obliqua 
wet sclerophyll
forest
N o r th c o te Gn 3.11 Uc 3.32 Gn 3.11 Dr. 4.52
f ie ld  te x tu r e FSCL NA FSCL SCL
L a ffa n  C la s s if ic a t io n FSL
te m p e r a tu r e neg slight moderate negligible
m o is tu r e  a v a ila b ility neg slight neg slight
d r a in a g e slight slight slight moderate
r o o t in g  c o n d it io n s neg negligible neg moderate
n u tr ie n t  a v a ila b il ity neg moderate neg slight
n u tr ie n t  r e te n t io n neg negligible neg neg
tr a f f ic a b ility very severe very severe very severe very severe
e r o s io n  h a z a r d moderate moderate moderate moderate
la n d s lid e  h a z a r d severe moderate (geology 
not in table 9)
r severe moderate
s to n in e ss  in  p r o file 5% 20% 5% 50%
G r a n t S o il C la ss  (y ie ld ) 16.1 11.3 (15-20m3/ha) 16.1 10.2
L a ffa n  P r o d u c t iv ity  C la ss IB (>30) 2(15-20 m3/ha) IB (>30) 2(15-20)
L a ffa n  S u ita b il ity 4 tc (traffic and 4t (trafficability 4 tc (traffic and 4 t (trafficability)
landslide) due to slope) : landslide)
Unsuitable
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D a te 8/02/98 9/02/98 9/02/98 9/02/98
L o c a t io n Ringarooma nr Turners Marsh Hill Ben Lomond Road Blessington
Havemans
M a p  S h e e t Ringarooma lillydale Giblin Blessington
E a s t in g s 562,672 512,771 549,334 537,402
N o r th in g s 5,437,314 5,435,980 5,406,283 5,403,517
G e o lo g y Ord-dev. Permo-carbonif Devoian Jurassic Dolerite
Micaceous lower glaciomarine Dominantly
Quatrzwacke and sequences of Granodiorite
Turbidite mudstone
Sequences
R a in fa ll  m m >1500 >750 <=1000 1000-1250 >750<=1000
S lo p e 20-21 30%, 22-25 20-21 25%, 22-25 20-21 22%, 22-25 20-21 30%, 22-25
50%, 26-28 12.5%, 41%, 26-28 14%, 47%, 26-28 21%, 45%, 26-28 15%,
29-30 7.5%. 29-30 6%, 31-35 29-30 7%, 31-35 29-30 10%
14% 3%
A sp e c t sw SW N SW
E le v a t io n 280-410 90-200 560-800 590-680
F o r e s t  c o v e r nv nv D, DT (wet and dry V (viminalis grassy
delegatensis) understorey)
N o r th c o te Dr 4.52 Dy 2.12 Gn 1.52 Gn 4.52
f ie ld  te x tu r e SCL/SC L/MC LSCL/Lfsy L/'SiCL
L a ffa n  C la s s if ic a t io n
te m p e r a tu r e negligible negligible Moderate Moderate
m o is tu r e  a v a ila b ility negligible severe Slight-Negligible Severe
d r a in a g e moderate very severe negligible slight
r o o tin g  c o n d it io n s moderate moderate negligible negligible
n u tr ie n t  a v a ila b ility slight slight slight slight
n u tr ie n t  r e te n t io n negligible negligible negligible negligible
tr a f f ic a b ility very severe very severe very severe very severe
e r o s io n  h a z a r d moderate moderate to severe moderate moderate
la n d s lid e  h a z a r d moderate very severe moderate moderate
s to n in e ss  in  p r o file 50% severe 5% 10%
G r a n t S o il C la ss  (y ie ld ) 10.2/10.3 NA (low rainfall) 11.3, 11.4 15.3
L a ffa n  P r o d u c t iv ity  C la ss 2(15-20) 4 (<10m3/ha/yr) 2 (15-20m3/ha/yr) 3 (10-15m3/ha/yr)
L a ffa n  S u ita b il ity 4t (trafficability) 4 tec (traffic, 4t (trafficability) 4t (trafficability)
erosion and
landslide)
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D a te 9 /0 2 /9 8 1 1 /0 2 /9 8 1 1 /0 2 /9 8 1 2 /0 2 /9 8 1 2 /0 2 /9 7
L o c a t io n B le s s in g to n W e ik le ig h  S e t t le m e n t  D e lo ra in e  S a n d s L if f e y R it te r s
R d  C o u p e  W K 1 6 7 6
M a p  S h e e t B le s s in g to n B e a c o n s f ie ld D e lo ra in e L if f e y M o n ta n a
E a s t in g s 5 3 9 ,4 5 2 4 8 4 ,2 4 0 4 6 1 ,4 1 5 4 8 4 ,2 8 4 4 7 3 ,3 7 8
N o r t h in g s 5 ,4 0 3 ,6 6 1 5 ,4 3 3 ,0 4 9 5 ,4 0 4 ,3 2 7 5 ,3 8 5 ,5 2 5 5 ,3 9 2 ,7 9 4
G e o lo g y Q u a te r n a r y T a lu s  Q u a te r n a r y  S a n d , C a m b /O rd  M a r in e  a n d  P e rm o -c a rb L o w e r  C a m b /O r d  M a r in e  a
( B a s a l t? ) G ra v e l  a n d  M u d o f  n o n - m a r in e  q u a r tz o s e  g la c io m a r in e  s e q u e n c e s  o f  m a r in e  q u a r tz o s e
a l lu v ia l  a n d  C a m b r ia n  c o n g , s a n d s to n e , m u d s to n e s a n d s to n e , s i l ts to n e  seq
S e d im e n ts s i l ts to n e  seq
R a in fa l l  m m 7 5 0 - 1 2 5 0 7 5 0 - 1 0 0 0 7 5 0 -1 0 0 0 1 0 0 0 -1 2 5 0 1 0 0 0 -1 2 5 0
S lo p e 2 0 -2 1  5 0 % , 2 2 -2 5  2 2 -2 5 2 0 -2 1  4 0 % , 2 2 -2 5  6 0 % 2 0 -2 1  2 5 % , 2 2 -2 5  3 5 % , 2 0 -2 1  4 0 % , 2 2 -2 5  6 0 %
5 0 % 2 6 - 2 8  2 0 % , 
3 1 -3 5  1 0 %
2 9 - 3 0  1 0 % ,
A s p e c t N E S E N E S S W
E le v a t io n 4 4 0 - 5 5 0 8 0 -1 3 0 2 8 0 -3 5 0 3 3 0 - 4 3 0 2 9 0 - 3 3 0
F o r e s t  c o v e r n v n v p la n ta t io n
N o r t h c o te U f  6 .1 2 D g  2 .1 2 U c  3 .3 D y  5 .1 2 D y  2 .3 2
Field t e x tu r e  
L a f fa n  C la s s i f ic a t io n
H e L fs y /L c L S /F S L L /S c S C L /F S C L
t e m p e r a tu r e n e g l ig ib le n e g l ig ib le n e g l ig ib le n e g l ig ib le n e g l ig ib le
m o is t u r e  a v a i la b i l i t y  s e v e re - s l ig h t s e v e re s e v e re  (v e ry  s e v e re ) s l ig h t s l ig h t
(m o d e ra te )
d r a in a g e s l ig h t s l ig h t n e g l ig ib le s l ig h t m o d e ra te
r o o t in g  c o n d it io n s n e g l ig ib le m o d e ra te n e g l ig ib le m o d e r a te m o d e ra te
n u tr ie n t  a v a i la b i l i t y n e g l ig ib le s l ig h t s l ig h t  (? ) s l ig h t s l ig h t
n u tr ie n t  r e te n t io n n e g l ig ib le n e g l ig ib le m o d e ra te n e g l ig ib le n e g l ig ib le
t r a f f ic a b i l i ty v e r y  s e v e re v e ry  se v e re v e ry  s e v e re v e r y  s e v e re v e r y  s e v e re
e r o s io n  h a z a r d m o d e ra te m o d e ra te s e v e re m o d e ra te m o d e ra te
la n d s l id e  h a z a r d s e v e re s e v e re m o d e ra te s e v e re m o d e ra te
s t o n in e s s  in  p r o f i le 5 % 2 % n a 1 5 % 5 %
G r a n t  S o i l  C la s s  17.1 (b a s a l t? )
( y ie ld )
L a f fa n  P r o d u c t iv i t y  2 (1 5 -2 0 ) 3 ( 1 0 -1 5 m 3 /h a /y r ) 3 ( 1 0 -1 5 m 3 /h a /y r ) 2 ( 1 5 - 2 0 ) 2 ( 1 5 - 2 0 )
C la s s
L a ffa n  S u ita b i l i ty 4 tc  ( t r a f f ic a b i l i ty ,  4 tc  ( t r a f f ic a b i l i ty ,  4 te  ( t r a f f ic a b i l i ty ,  4 tc ( t r a f f ic a b i l i ty ,  4 t  ( t r a f f ic a b i l i ty )
la n d s lid e ) la n d s lid e ) e ro s io n ) la n d s lid e )
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